
r «rr* 


Indian Agricultural 
Research Institute, New Demi 


I.A4LL6. 

aiFNLK—H-3 l.A.R.1—10-5,55—1WXSG 



JOURNAL 


OF 

THE CHEMICAL SOCIETY. 


{Committee td SaWicirfioit j 


PL E* Aemsteong, Pli.D., F.R.S. 
W. Cbookes, 3T.R.S. 

Wyndham ll . Punstan. 

F. B. Japp, M.A., Ph.D. } F.B.S. 
H. McLeob, F.B.S. 

\4JKL Milbee, PAD. 

kraoi&iKi 8 -, p1k:d -> f - e ' s - 


S. TJ. PICKERIN&, M.A. 

W. Eamsay, Ph.D„ F R.S. 

W. J. Busse&l, PAD., F.B.S, 
J. Milbae Thomson, F.R.S.F. 

T. E. Thoepe, Pli.D., F.B.S. 
W. P. Wynne, B.Sc. 


SVnsrr'—■ 

C. E. Gteoyes, F.B.S. 


gufr-®itor: 

A, J. 

/ 


m ly. 

1889. TRANSACTIONS. 


LONDON: 

GURNET & JACKSON, 1, PATERNOSTER ROW. 

1883. 



• LQ-STDOS s 


x'O HiGE MAJESTY) 



CONTENTS. 


. PAPERS READ BEFORE THE CHEMICAL SOCIETY. 

PAG-E 

I. —Some Derivatives of Pr lw-Methylindole. By H. G. Colman, 

Ph.D., M.Sc. 1 

II. —Action of Ethylenediamine on Succinic Acid. By Arthur 

T. Mason, Ph.D., F.I.C. ....... 10 

III. —The Principles of Thermochemistry. By Spencer Umpre- 

vtlle PickbbtnG/M.A., Professor of Chemistry at Bedford 

College.14 

IY,—The Isomeric Sulphonic Acids of /3-Naphthy lamine, By 

Arthur G. Green . ..33 

Y,—-On Ethylic Cinnamyldiethacetate. By P. E. Matthews, 

Ph.D.38 

VI.—The Action of Ammonia on some Tungsten Compounds. 

By Samuel Bideal, D.Se, Lond., Fellow of University 
College, London.41. 

YU.—The Action of Chromium Oxychloride on Pinene. By 
G. G. Henderson, B.Se., M.A., Assistant to the Professor 
of Chemistry, University of Glasgow, and B. W. Smith . 45 

Ylil,—On Thionyl Thiocyanate. By G. C. McMurtry, Student 

in the Normal Schools of Science, South Kensington . 48 

' IX.—On Mercuric Chlorotbiocyanate. By G. C. MoMtjrtry, 
Student in the Normal Schools of Science, South Kensing¬ 
ton. . . . . . . , . 50 

X. —Some Derivatives and New Colouring Matters obtained 

from a-Pyrocresole. By William Bott, Ph.D., Berkeley 
Fellow of Owens College, and J. Bruce Miller, A.X.C., 
Owens College . . . . - . * .51 

XI. —Some Metallic Derivatives of Halogen Nitrophenols, By 

' Arthur B. Lino . . . . . . . 56 

XIL—On Berberine, (Part I.) By W. ll. Perkin, dun., 

/ Ph.D. . . . . . . .. 63 

XIII. —On Borne Leadhills Minerals. By Norman Collie, 

Ph.D., P.B.S.E. . . . . . 91 

XIV. —Contributions from the Laboratory of the University of 
1 ' Zurich. ■ II. Piazine-derivatives. By Arthur T.. Mason, 

1 ;*,• ,Ph.D., F.I.C., Senior Demonstrator of Practical Chemistry , 97 









IV 


CONTENTS. 


PAGE 

XV.—Contributions from the Laboratory of the University of 
Zurich. III. Acetamide and Phenanthraquinone. By 
Arthur T. Mason, Ph.D., F.I.C. . . , . \ 107 

XYI.—Note on Fluoride of Methyl, By Norman Collie. Ph.D., 

FJEt.S.E...110 

XYIL—Researches on the Constitution of Azo- and Diazo¬ 
derivatives. Y. Compounds of the Naphthalene p -Series 
( continued ). By Raphael Meldola, F.R.S., and Gilbert T. 
Morgan . .. 114 

XYIII.—Action of Bromine and Chlorine on the Salts of Tetr- 
ethylphosphonimn. By Orme Masson, M.A., D.Sc. (Edin.), 1 
and J. B. Kirkland, University of Melbourne . . . 126 

XIX. —Preparation of the Salts of Triethylsulphine, Tetrethyl- 
phosphonium, and Analogous Bases. By Orme Masson, 

M.A., D.Sc. (Edin.), and J. B. Kirkland, University of 
Melbourne . . . . ... . . . 135 

XX. —Contributions from the Laboratory of Gonville and Cains 

College, Cambridge. No. XIII. On a Cubical Form 
Bismuthous Oxide, By M. M. Pattison Muir, M.A., Fellow 
of Cains College, and Arthur Hutchinson, B.A., Scholar of 
Christ’s College, Cambridge . . , . . 143 

XXI. —Contributions from the Laboratory of Gonville and Caius 
College, Cambridge, No. XIY. On Periodates. Part II. 

By C. W. Kimmins, M.A., D.Sc., late Scholar of Downing 
College, Cambridge ...... . , 148 

XXII “Contributions from the Laboratory of Gonville and 
Cains College, Cambridge. XYI. A Compound of Boric 
Acid with Sulphur Trioxide. By R. F. D’Arcy, B.A, 155 

XXIII.—Contributions from the Laboratory of Gonville and 
Caius^ College, Cambridge. No. XVII. On Compounds of 
Arsenious Oxide with Sulphuric Anhydride. By R, H. 

Abie, B.A., Scholar of Trinity College . , . .157 

XXIY.—The Vapour-density of Hydrogen Fluoride. By T. E. 

Thorpe, F.R.S., and F. J. Hamrly . . . ■ . 1(J3 

XXY.~Decomposition of Potassic Chlorate by Heat in the 
presence of Manganic Peroxide. By Herbert McLeod. 
F.R.S. . . . . . : . . . . 184 

XXVI.—Contributions to the Chemistry of Lignification, Con¬ 
stitution of Jute-fibre Substance. By C. F. Cross and E. J. 
SEVAN . ' ", 1 ; . , 109 

XXYIL—The Atomic Weight of Chromium. By S. G. Kawson, 

B.Sc,, Demonstrator of Chemistry, University College, 
Liverpool . . . . . . . .213 

XXVIII.—The Decomposition of Carbon Disulphide by Shock, 

(A Lecture Experiment.) By T. B, Thorpe, P.R.S, . 220 






CONTENTS. 


V 


PAGE 

XXIX. —Some Compounds of Tribenzylphosphine Oxide. By 

Norm an Collie, Ph.D,, F.R.S.E, . . . , . . 223 

XXX. —The Constitution of Primuline and Allied Sulphur 

Compounds. By Arthur G-. Green, F.I.O. . . . 227 

XXXI. —Contributions to the Knowledge of Citric and Aconitic 

.Acids. By Sidney Skinner, B.A., late Scholar of Christ’s 
College, Cambridge, and S. Ruhemann, Ph.D., M.A. . . 235 

XXXII,—Action of Chloroform and Alcoholic Potash on 

Hydrazines. Part II. By S. Huhemann, Ph.D., M.A. . 242 

Annual General Meeting.250 

; XXXIII.—Contributions to our Knowledge of the Isothio¬ 
cyanates. By Augustus E. Dixon, M.D., Assistant Lecturer 
in Chemistry, Trinity College, University of Dublin . . 300 

XXXIY.—On Thiophosphoryl Fluoride. By T. E. Thorpe, 
F.R.SC, and J. W. Rodger, Associate of the Normal School 
of Science, S. Kensington . . . . . . . 306 

XXX Y.—Note on the Heat of Neutralisation of Sulphuric 

Acid. By Spencer Umfreville Pickering, M.A. . . 323 

XXXYI.—The Boiling Points of Sodium and Potassium. By 

E. P. Perman, B.Sc., Cloth workers Exhibitioner at Uni¬ 
versity College, London . . . . . . . 326 

XXXYII.—aw-Diacetylpentane and «w-Dibenzoylpentane. By 

F, Stanley Kipping, Ph.D., D.Sc., and W. H. Perkin, Jnn., 

Ph.D.. 330 

XXXYIII.—Acetopropyl Alcohol and Acetobntyl Alcohol. By 

Harold G. Colman, M.Sc., Ph.D., and W. H. Perkin, Jun. 352 

XXXIX.—An Improved Soxhlet Extractor and Apparatus for 
* Distilling in a Yacuum. By J. Lewkowitsch, Ph.D. . 359 

XL.-—On a Method of Investigating the Dissolution of Metals 
in Acids, By V. H. Yeley, M.A,, the University Museum, 
Oxford . . . ..361 

XLL—Experimental Researches on the Periodic Law. Part L 
Tellurium. By Bohuslav Brauner, Ph.D., F.C.S., late 
Berkeley Fellow of Owens College . . . , . 382 

XLII.—The Isomerism of the Alkyl-derivatives of Mixed Diazo- 
amido-compounds. By Raphael Meldola, F.R.S., and 3?. 

W. Streatfeild, F.I.C. . . . . . . . 412 

XLIII.—On the Atomic Weight of Zinc. By J. H. Gladstone, 

Ph.D., F.R.S., and Walter Hibbert, F.I.C. . '' . '443 

XLIY.—Amylodextiin of W. Nageli, and its Relations to 
Solubfe;'/Starch. By Horace ;! 1 ,' Brown, FJELS., and G. 
HarrisMorris, Ph.D. ■■ ■ y'' .■ '449 

XLY.—Determination of the Molecular Weights of the Carbo¬ 
hydrates. Part II. By Horace T. Brown, F.R.S., and 
- AG, Harris v : '- • « * 462 








Vi 


CONTENTS* 


XLYI.—Researches on Silicon Compounds and tlieir Deriva¬ 
tives. Fart Y. On Silicotetraphenylamide, Para- and 
Ortho-silicotefcratolylamides, «- and /3-Silicotetranaphthyl~ 
amides. By J. Emerson Reynolds, M.D., P.R.S., Professor 
of Chemistry, University of Dublin. 

XLYII.—The Yapour-pressures of Quinoline. By Sydney 
Young, D.Sc., Professor of Chemistry, University College, 
Bristol .......... 

XliYIIL—On the Yapour-pressures and Specific Yolume of 
Similar Compounds of Elements in relation to the Position 
of those Elements in the Periodic Table. Part I. By 
Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol . .. 

XLIX.—The Molecular Weights of the Metals. By Professor 
W. Ramsay, Ph.D., F.R.S.. . 

L.—The Amount of Nitric Acid in the Rain-water at Rotham- 
sted, with Notes on the Analysis of Rain-water. By R. 
Waeington, P.R.S.. 

LI,—The Action of the Chlorides of Propionyl and Butyryl on 
Phenol. By W. H. Perkin, Ph.D., P.R.S. 

LIL—Observations on the Melting Points of some Salicylic and 
Anisic Compounds. By W. EL Perkin, Ph.D., P.R.S. 

LIU.—On Schiitzenberger’s Process for the Estimation of Dis¬ 
solved Oxygen in Water. By Sir Henry E, Roscoe, P.R.S., 
D.C.L., LL.D., and Joseph Lunt, B.Sc., Associate of the 
Owens College .... . 

LIY.—Zinc Dextrosate. By Alfred C. Chapman, Demonstrator 
of Chemical Technology, University College, London 

LY.—Oxidation Products of Acenaphthene. By T. Ewan, B.Sc., 
and J. B. Cohen, Ph.D., Owens College . . . , 

LYI.—Isomeric Change in the Phenol Series. (Third Notice.) 
By Arthur R. Ling . . . . * . , 

L VII.—Benzyl-derivatives of the Phenylenediamines, By 
Raphael Meldola, P.R.S., and J. H, Coste 

LYIII.—Contributions to the Chemistry of the Azonaphthols. 
By Raphael Meldola, P.R.S., and Gilbert T. Morgan 

LIX.—The Synthesis of Heterogeneous Mixed Alkyldiazo- 
amido-compounds. Preliminary Notice. By Raphael 
Meldola, P.R.S. .. 

LX.—Benzophenylhy drazxne. By S. Ruhemann, Ph.D., M. A., 
and P. P. Blackman, B.Sc. . . . 

LXL— Further Study of the Thiocarbimides. .. By Augustus' E. 

, Dixon, M.D., Assistant Lecturer An 'Chemistry,, Trinity 

,; College, University of Dublin * ,, , i , ; . ■ - ,y. 


PAGE 

474 

483 

486 

521 

537 

546 

549 

552 

576 

578 

583 

590 

603 

610 

612 

' 618 




CONTENTS. 


LXII.—Benzylammoninm Succinates and their Derivatives. 
By A. Emil W erner, F.I.C., Assistant in the Chemical Labo¬ 
ratory of the University of Dublin ..... 

LXIII.—The Periodic Law of the Chemical Elements. By 

’ * Professor Mendel toff ....... 

LXIV.—The Dissociation of Amine Vapours. By G. J. Blech, 
B.A., and J. E. Marsh, B.A., University Laboratory, 
Oxford.. 

' LXV.—The Besin of Myoporum Tlahjcarpum. By J. H. 
Maiden, E.L.S., Curator of the Technological Museum, 
Sydney.. . 

LXVI.—The Lowering of the Freezing Point of Sodium by the 
Addition of other Metals. By C. T. Heycock, M.A., 
and F. H. Neville, M.A. ....... 

LXVIL—The Alloys of Lead, Tin, Zinc, and Cadmium. By 
A. P. Laurie. 

LXVIIL—The Magnetic Potatory Power of Nitrogen Com¬ 
pounds, also of Hydrochloric, Hydrobromic, and Hydriodic 
Acids, and of some of the Salts of Ammonia and the Com¬ 
pound Ammonias. By W. H, Perkin, Ph.D., F.P.S. 

LXIX.—On the Correspondence between the Magnetic Potation, 
and the Peffaction and Dispersion of Light by Compounds 
containing Nitrogen. By J. H. Gladstone, Ph.D., F.P.S., 
and W. H. Perkin, Ph.D., F.P.S. 

LXX.—On Phosphoryl Triduoride. By T. E. Thorpe, F.P.S., 
and F. J. Hambly. 

LXXL—Oxyamidosulphonates and their Conversion into Hypo- 
nitrites. By Edward Divers, M.D., F.P.S., and Tamemasa 
Haga, E.C.S. 


vii 

PAGE 

627 

634 

658 

665 

666 
677 

680 

750 

759 

760 







JOURNAL 


OF 

THE CHEMICAL SOCIETY. 


PAPERS READ BEFORE THE CHEMICAL SOCIETY. 


I .—Some Derivatives of Pr In-MethyUndole. 
By H. GL Colman, Pk.D., M.Sc. 


Introduction . 

In liis classic researches on the compounds of the indigo-group, 
Baeyer obtained, by the reduction of isatin, successively— 

Dioxindole, C 6 H 4 <^°T> 00 5 Oxindole, C 6 H 4 <^ 2 >00; 
and Indole, C 6 H 4 <^>CH. 

Up to the present time, the methyl-derivatives of these compounds 
have been but little studied, and it seemed probable that they might 
be obtained from Pr Ira,-methylindole (for nomenclature, see E. Fischer, 
Annahn , 236,116), which, thanks to the researches of E. Fischer 
and 0. Hess (Ber., 17, 559), can now be prepared in quantity without 
difficulty. 

Fischer and Hess (ibid., p. 561) have shown that methylindole can 
be converted into methylpseudoisatin by a very remarkable reaction. 
They found that when methylindole or methylindolecarboxylic acid 
is treated with a solution of sodium hypochlorite, a crystalline pre¬ 
cipitate is formed, which on boiling with alcoholic potash yields 
methylpseudoisatin. 

The intermediate product was analysed by Fischer and Hess, hut 
the analysis was insufficient to decide whether the substance had the 
formula C 9 H 9 HBr 2 0 or C&H 7 NBr 2 0. At 'Professor Emil Fischer’s 

VOL. LV. ' B 
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suggestion, I Lave made a. detailed examination of the reaction, the 
results of which are given in the following paper* 

The product of the action of sodium hypochlorite on methylindole 
or methylindolecarboxylic acid has the formula C&HiNBrvjO, and is 
most probably a dibromo-clerivative of methyloxindole, having the 

formula C 6 H 4 <^q^> CO, since with phenylhydrazine it gives a 

crystalline derivative, which is identical with methylpseudoisatin- 
phenylliy drazone, The latter must have the constitution 


C 6 H 4 < 


C(:Ndra*c 6 H 6 ) 

—N(CH 3 )— 


> 00 , 


as phenylhydrazine never reacts with a carbonyl-group which is 
directly combined with nitrogen (see Baeyef, Ber ., 16, 2188), From 
this it follows that the two bromine-atoms must be in the Pr 3-position 
as given in the above formula. 

Ibis formula also easily explains the formation of methyl- 
pseudoi satin when the substance is boiled with alkali or even with 
water, the two bromine-atoms being displaced by one of oxygen, 

By the action of sodium hypochlorite on methylindoleearboxylie 
acid, the corresponding dichloromethyloxindole is obtained, which 
corre,sponds in all its reactions to dibromomethyloxindole. 

This peculiar inaction with hypochlorites and hypobromites seems 
confined to those indoles in which the alkyl-group is attached to the 
nitrogen-atom. If indole is treated in the corresponding manner, the 
products of the reaction are not nearly so simple. 

Methylpseudoisatinoxime, C 6 H 4 <^-*^^)>CO, can be obtained in 

two ways, viz., by the action of hydroxylamine on methylpseucloisatin, 
or by passing nitrogen trioxide into a solution of methyloxindole. 

On reduction in acid solution, dibromomethyloxindole loses first one 
atom of bromine, forming inonobromomethyloxindole, 


P tt ^OHBr \nn 

UH 4 < n ,oh 3 > 00 ’ 

which by long-continued reduction loses the second atom of bromine, 

_ppr _ 

and is converted into methyloxindole, C 8 H 4 <(j^qJ- >00. 

By the reduction of methyIpseudoisatin in either acid or alkaline 
solution, methyldioxindole, C 6 H 4 <^-^-^^>C0, is obtained. 

j Experimental Part 

The methylindoleearboxylie acid necessary for this work was pre- 
; pared according to the directions of Fischer and Hess (Ber,, 17, 501), 
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by warming methylpkenylhydrazone-pyroracemic acid with dilute 
hydrocliloric acid. The crude acid thus obtained is sufficiently pure 
for further experiments. 

The pyroracemic acid required was prepared by Dobner’s method 
(Annalen , 242, 268), which gives a very satisfactory yield of the pure 
acid, 


Dibromomethy loxindole , C 6 Hi 


- CBiv- 

N(CH 3 ) 


> 00 . 


The action of sodium hydrobromite on methylindolecarboxylic acid 
was found to proceed best under the following conditions :— 

5 grains of the crude acid are dissolved in dilute caustic soda 
solution, and boiled with animal charcoal for a few minutes. The 
filtered liquid is gradually added to a well-cooled mixture of 
22*5 grains of bromine in about 900 c.c. of water, to which sufficient 
caustic soda had been added to neutralise the bromine, and the whole 
continually shaken during the addition. The substance separates at 
once in fine needles, the colour of which, in the various experiments, 
varied from light brown to dark red. 

In order to purify the substance, the crystals are collected, well 
washed with water, dissolved in alcohol and boiled with animal 
charcoal. The filtered solution is then partially evaporated, and on 
cooling small yellow tables crystallise ont. These are separated from 
the mother-liquor on the filter-pump, twice recrystallised from alcohol, 
and finally dried over sulphuric acid in a vacuum. 

By this means the substance is obtained in almost white tables, 
which melt with decomposition at 204°, On analysis, numbers 
were obtained,* which agree well with the formula CgH 7 NBr 2 0* 

A comparison of this formula with that of metiiylindole shows 
that it differs from the latter in that it contains two atoms of 
hydrogen less, and the elements Br.,0 more. As it is easily con¬ 
verted into methylpseudoisatin, the bromine substitution must have 
taken place in the pyrrol ine-ring. In order to determine whether 
these bromine-atoms are attached to the same or to different carbon- 
atoms, the substance was subjected to the action of phenylhydrazine. 

Bor this purpose, 4 grams of the crude product were dissolved in 
warm alcohol, and added to a solution of 5 grams of pheuylhydrazine 
hydrochloride, and 7*5 grams of sodium acetate dissolved in as little 
water as possible. In a short time, the liquid became dark brown, 
and on addition of water the product of the reaction was completely 
precipitated as a yellow oil, which crystallised on standing. The 
crystals were collected, washed, and twice recrystallised from benzene. 

# For analytical numbers, &c,, in this and the remaining analyses, see Annalen, 
MB, 114 &c. 
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It forms fascicular groups of small yellow noodles winch malt at 
144—145° (uncorr.), and gave on analysis numbers agreeing with 
those required for metliylpsoudoisat in-phenylhydraw)ne. A. com¬ 
parison of its properties with the compound obtained from methyl¬ 
pseudoisatin and phenylhydrazine showed conclusively that the two 
substances were identical. 

From this it follows that the two bromine-atoms are attached to 
the same carbon-atom in the pyrroline-ring, which condition is ful¬ 
filled only by the two following formulae:— 

c - h *<k(ob,)> co ' 

The first would be dibromomethyloxindole, and the second dibromo- 
methylpseudoindoxyl. 

The hydrazones of the compound under discussion and of methyl- 
pseudoisatin being identical, the two bromine-atoms in the one must 
correspond with that carbonyl-group in the other which is acted on 
by phenylhydrazine. Now, it is well known that phenylhydrazine, 
never acts on a carbonyl-group which is directly connected with, 
nitrogen, so that in methylpseudoisatin the carbonyl-group in the 
Pr 3-position mnstbe the one attacked, and the hydrazone formed must 

have the formula It follows, therefore, 

that in the brominated compound the two bromine-atoms must also 
occupy the Pr 3-position, as given in the first of the above formal®. 

The substance consequently is dibromomethyloxindole. Its chief 
properties are as follows 

It crystallises from alcohol in yellowish-white tables, which, when 
quickly heated, melt with decompositon at 204°. If heated slowly, 
however, it becomes brown at 170°, and melts at ISO 0 , If is readily 
soluble in alcohol, ether, chloroform, and benzene, but only sparingly 
in light petroleum, and insoluble in cold water. On boiling with 
water, it is converted into methylpseudoisatin. It reacts very readily 
with alkalis, ammonia, amines, hydrazines, and reducing agents. If 
shaken with benzene containing thiophen and strong sulphuric acid, 
a brown coloration is produced, which, however, after standing for 
several hours, becomes changed to the same blue as that produced by 
methylpseudoisatin. 


DicMoromethy bxindole, 


-COlr- 

N(CH 3 ) 


> 00 . 


The preparation of this substance corresponds exactly with that 
of clibromomethyloxindole. The solution of methylmdolecarboxylic 
acid in alkali is purified by boiling with animal charpOa}, and 
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gradually added to a cold dilute solution o£ sodium hypochlorite, 
c^are being taken that the latter is in excess. The substance separates 
first in small oily drops, which soon solidify to small brownish-white 
needles. These are collected, well washed, and recrystallised several 
times from alcohol or acetone. Thus purified it forms white needles 
which melt at 145—147°. The numbers obtained on analysis agree 
well with those required by the formula C 9 H 7 NC1..0. 

Dichloromethyloxindole dissolves much more readily in alcohol than 
the corresponding bromine-compound, and is also easily soluble in 
acetone and ether, but insoluble in water. Towards reagents it 
behaves in exactly the same manner as dibromomethyloxindole, but it 
is not so easily decomposed by heat, for, whereas the former begins to 
decompose at 170°, the latter can be heated to 210° without any 
change taking place. 


Methylpseudoisatin , C 6 H 4 <] 


—CO— 
H(CH 3 ) 


>GO. 


This compound was obtained by Fischer and Hess ( loc . cit) from 
dibromomethyloxindole by boiling it with alcoholic potash. Instead 
of this, it was found more advantageous to boil the bromine-compound 
with water. About 8 grams of crude dibromomethyloxindole are 
suspended in 300 grams water, and the whole boiled for two or 
three hours, using a reflux condenser. The solution becomes deep 
red, and a considerable quantity of resinous matter separates. This 
is filtered oh, and the clear solution concentrated on the water-bath, 
when beautiful red needles separate on cooling; these, after another 
crystallisation f rom water, are quite pure. 

The properties of methylpseudoisatin have already been given by 
Fischer and Hess (Ber., 17, 561). 


MetJiylpseiidoisaMnphenylliydrazone, CqE^<C^ ^ ^0. 

To prepare this substance, 1 gram of methylpseudoisatin is dis¬ 
solved in hot water, and to this an aqueous solution of 1 gram of 
phenylbydrazine hydrochloride and 1*5 grains of sodium acetate is 
added. The solution becomes turbid almost immediately, and after a 
short time oily drops separate which crystallise on cooling. The 
crystals are collected, washed, recrystallised from alcohol or benzene, 
and dried at 100°. The results of its analysis are in full agreement 
with the above formula. 

Meihylpseudoisatinphenylhydrazone crystallises in fascicular groups 
of small, yellow needles, which melt without decomposition, at 
145—146°. It is easily soluble in alcohol and benzene, sparingly in 
■,ether,;, and insoluble in water and light petroleum. . . _ -y 
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As has already been stated, the product obtained by the action of 
phenylhydrazine on dibromomethyloxiudole is identical with this 
hydrazone. 


MethyIpseudoisatinoxime, CeH^ 


C(:N*OH) 

~N(CB,)~ 


> 00 . 


The preparation of this oxime is best carried out as follows 

Aqueous solutions of methylpseudoisatin and hydroxylnmino 
sulphate are mixed, and allowed to stand. The liquid soon becomes 
turbid, and in about 12 hours the reaction is complete, part of the 
oxime separating as a bulky amorphous precipitate, while part 
remains in solution. 

In order to isolate the oxime, the whole is shaken with ether 
10 times successively, the ethereal solution dried with calcium 
chloride, the ether distilled off, and the residue, which is a yellow, 
crystalline mass, purified by reciyst alii sat ion from hot water. 

In this manner the oxime is obtained as a light yellow substance 
crystallising in small needles, which on heating become plastic at 
170°, and melt at 180—183°. Even after repeated crystallisation 
from acetone, the melting point does not become constant. The cor¬ 
responding ethylpseudoisatinoxime was found by Baeyer (Ber. 9 16, 
2196) to behave in a similar maimer. 

Methylpseudoisatinoxime is fairly soluble in hot, but much less in 
cold water, easily in alcohol, acetone, ether, and benzene. 


Reduction of Bibvomomethyloxindole in Acid Solution . 

Dibromomethyloxindole is very easily acted on by reducing agents, 
especially in acid solution. The reduction proceeds best as follows:— 
To a mixture of dibromomethyloxindole with an excess of zinc- 
dust, suspended in alcohol, concentrated hydrochloric acid is gradually 
added in small portions, the whole being shaken after each addition. 
After a few minutes, the dibromomethyloxindole dissolves, forming a 
clear yellow solution, which is warmed for a short time on the water- 
hath. After the solution has been filtered from the unaltered zinc-dust, 
it is largely diluted with water, and heated on the water-bath till the 
alcohol is completely evaporated. The products of the reaction 
then separate for the most part as reddish-brown oily drops, which 
collect at the bottom of the dish. The clear, colourless mother- 
liquor is poured off, and treated as shown later on. 

The oil is now boiled with a large quantity of water for some time, 
and thereupon partially dissolves. The liquid is filtered hot and from 
the colourless solution white needles separate on cooling* These" are 



OF PR l?l-METHYLINDOLE. 


7 


filtered off, and the mother-liquor utilised for again extracting the 
residual oil. This process is repeated until the solution no longer 
yields crystals on cooling. To this solution the colourless mother- 
liquor above mentioned is added. 


Monobromomethy loxindole , CcH^ 


CIIBr- 

^(CH 3 ) 


> 00 . 


The crystalline product was first examined, with the following 
result:— 

After a single recrystallisation from acetone, the substance was 
obtained in white, lustrous plates melting at 132—134°. It gave, on 
analysis, numbers which agree well with the formula C 9 H 8 NBrO, and 
is, therefore, as one would expect, monobromomefchyloxindole. 

It is soluble to some extent in hot water, scarcely at ail in cold. It 
dissolves easily in alcohol, ether, and acetone, and crystallises best 
from the latter. 

The bromine in this compound is very firmly combined. On 
.-bailing with caustic potash solution, it dissolves, but crystallises out 
unaltered on cooling. 


_QjLjT_ 

Methyloxindole , j >C0. 

The mother-liquor was then examined, being treated as follows:— 

The solution is extracted 10 times with ether, the ethereal solution 
dried over calcium chloride, and the ether evaporated. The residue 
is an oil, which on standing for a short time solidifies to a beautiful, 
radiating, crystalline mass. 

It this mass be now erystalllised from water it is obtained in white, 
transparent needles, some of which are 4—5 cm. long. These, 
however, still contain 2—3 per cent, of the monobromo-derivative. 
To completely eliminate the bromine, the substance must be dissolved 
in hot water, and boiled for half an hour with zinc-dust and hydro¬ 
chloric acid. This powerful reducing action has, however, also the 
effect of causing a considerable diminution in the yield. 

The solution, after filtering off the zinc-dust, is extracted with ether 
as before, and the residual oil reerystallised from water. It is thus 
obtained in small, white needles, which, for analysis, were dried over 
sulphuric acid in a vacuum. The numbers obtained on analysis 
confirmed the supposition that the substance is methyloxindole. 
It melts at 86—88°, and volatilises slightly with steam. Heated by 
itself it distils with partial decomposition and formation of a reddish- 
brown substance. It is fairly soluble in hot water, but much 
less so in cold water and in light petroleum, easily in alcohol, ether, 
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acetone, and "benzene. It is precipitated from its ethereal solution by 
light petroleum in fine oily drops, which solidify in a short tinny 
forming beautiful transparent needles. 

It does not combine with phenylhydrazine even on long-con,turned 
warming. This fact bears out the supposition that in dibromomefhyl 
oxindole the bromine-atoms are in the Pr 3-position. 

When boiled with caustic potash solution, it does not take up the 
elements of water, so as to form the corresponding acid, 


r tt .CHrCOOH 


It dissolves in the hot liquid, but is precipitated unaltered on cooling. 

If bromine-water is added to an aqueous solution of methyloxindole, 
a crystalline precipitate is at once formed. This, however, is not 
identical either with dibromomethyloxindole or with monobromo- 
mefhyloxinclole, for it is quite insoluble in water and is not acted on 
by caustic potash solution. It seems probable, therefore, that the 
bromine is contained in the aromatic nucleus. 4 

By the action of nitrogen trioxide on methyloxindole in dilute 
aqueous solution, a compound is formed which was found to he 
identical with methylpseudoisatinoxime. When prepared by this 
method, however, it is much more difficult to purify. 


Methyldioxindole, C 6 H 4 <^^>CO. 

This compound is obtained by tbe reduction of methylpseudoisatm. 
The following method gives the best results~ 

4 grams of dibromomethyloxindole are boiled with water for 2 to 3 
hours. To the solution thus formed, which contains methylpseudo- 
isatin and hydrobromic acid, zinc-dust is added, and the whole boiled 
till tbe liquid is colourless, more acid being added if necessary. The 
filtered and cooled solution is then extracted 20 times with ether. 
The residue left on evaporating the ether is always slightly yellow, 
part of the methyldioxindole being oxidised by the oxygen of the air 
to methylpseudoisatm. 

This is twice recrystallised from benzene, and is thus obtained in 
the form of colourless needles or prisms. It must be dried over sul¬ 
phuric acid in a vacuum, as it becomes slightly brown when heated 
for any length of time at 100°. Its analysis agrees well with the 
formula C 9 H 9 N0 3 . It melts at 149—151° and decomposes on farther 
heating. It is sparingly soluble in cold water, alcohol, ether, and 
benzene, but easily in the hot liquids. Prom water and alcohol, the 
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crystals are always yellowish, but it can, as above stated, be obtained 
white from its solution in benzene. 

If the solution of raethyldioxindole is allowed to stand in the air it 
is gradually oxidised to methylpsendoisatin, but if it be made alkaline 
oxidation will proceed very rapidly. 

One important difference is to be noted in the behaviour of isatin 
and methylpsendoisatin towards reducing agents. Isatin on reduction 
in alkaline solution yields isatyd, a compound containing a molecule 
twice as large as isatin, whereas methylpsendoisatin yields the same 
product as in acid solution, viz., methyldioxindole. 

The following table shows the derivatives of methylindole obtained 
up to the present time, together with the corresponding indole- 
componnds. 


Indole, m. p. 52° ; b. p. 245°. 
Oxindole, m. p. 120°. 
Bromoxindole (constitution 
unknown), m. p. 176°. 


Dioxindole, m. p. 180°. 

Isatin, ra. p. 200—201°. 
Isatinphenylhydrazone, m. p. 
210 °. 

Isatinoxime, in. p. 202°. 


Methylindole, b. p. 239°. 
Methyloxindole, m. p. 86—88°. 
Bromomethyloxindole, m. p. 
132—134°. 

Dibromomethyloxindole, m. p. 
204°. 

Dichloromethyloxindole, m. p. 
145—147°. 

Methyldioxindole, m. p. 149— 
151°. 

Methylpsendoisatin, m. p. 134°. 
Me thy lpseudoisat inpheny lh y dr- 
azone, m. p. 145—146°. 
Methylpseudoisatinoxime, m. p. 
180—183°. 


The above research was carried ont in Professor Emil Fischer’s 
laboratory at Wurzburg, and I take this opportunity of expressing 
my best thanks to Professor Fischer for the kind advice and assis¬ 
tance given me throughout the investigation. 
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II .—Action of Ethylenediamine on Succinic Acid. 

By Arthur T. Mason, Ph.D., F.I.C. 

Many years ago, D’Arcet (Annalen , 10, 215), by the action of am¬ 
monia on succinic anhydride, prepared succinimide, and, starting 
from this, Ciainician and Silber have, by means of phosphorus peuta- 
chloride, obtained tetracliloropyrrol (Ber., 10, 2398). blow, although 
this compound cannot be reduced in the ordinary manner to pyrrol, 
these investigators, availing themselves of Hepp’s discovery that 
tetrachloropyiTol and tetrabromopyrrol can be easily converted, into 
tetra-iodpyrrol by treatment with potassium iodide in alcoholic 
solution, found they had at their disposal a compound which by 
reduction with zinc-dust and potassium hydrate, gave pyrrol with 
the greatest ease, thus completing by stages the same synthesis which 
is effected directly by distilling succinimide with zinc-dasb containing 
hydroxide. 

The experiments about to be described were undertaken, in the hope 
of arriving, by similar reactions, at an ethylenedipyrrol of the follow* 
ing constitution ;— 

CHzzCH CH.ZZGK 

| >I1-CH 2 -CH 2 *N< I , 

CHzzCir X CH=CH 

and although hitherto I have been unsuccessful in my object, I take 
the liberty of laying the results already obtained before the Society 
in order to secure this field of work, as well as that with the aromatic 
diamines which I have already begun. Succinic acid dissolves easily 
in an aqueous solution of ethylenediamine with evolution of heat 
and formation of the addition product (CHvCOOH) 2 ,(ClIVN II>) 2 ; 
and as this has not, to my knowledge, been hitherto described, I take 
this opportunity of mentioning it. It is easily soluble in water, and 
crystallises therefrom in thick, white prisms. It melts at 181—182° 
to a colourless liquid, giving up water and becoming semi-solid again. 
It is insoluble in alcohol and ether. Au analysis of the substance 
dried at 100° gave the following numbers ;— 

02175 gram gave 0*1593 gram ELO and 0*3235 gram C0 2 . 

0*1738 „ 24*8 c.c. moist nitrogen at 18° and 718 mm. 


Calculated for 

C 6 H l4 N 2 0 4 . Found. 

C.... • 40*45 40*56 

H... .. 7*86 8*13 

N.15*73 15*55 


O ..35*95 
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CHo—COv CO-—CH 3 

FArnjlenedisuccinimide, | /NT*CH 2 *CHo\Nq I 

ch 2 — CO> “ N co— ch* 

This compound is formed when the addition product just described is 
heated above its melting point, water being eliminated : it is, however, 
by no means necessary to isolate the addition product in the pure state 
in order to obtain tbe best results. After preparing considerable 
quantities, I have no hesitation in giving the following as the most 
advantageous method:— 

60 grams of succinic acid are mixed with 20 grams of ethylene- 
diamine hydrate, and just sufficient water is added to bring the whole 
into solution on warming. The mixture is now heated in a flask over 
a small flame, with a thermometer in the liquid. As the water evapo¬ 
rates, the temperature gradually rises, and the heating is continued 
until the thermometer indicates 195°, when the whole has changed to 
a clear pale-brown syrup. After the temperature has reached ISO 0 , 
the thermometer rises rapidly, and, if not carefully watched, ovei*- 
/'“5$fcting may occur which, curiously enouglj, has an influence on the 
yield, although the pure product can be distilled without decomposi¬ 
tion. On cooling, the whole crystallises to a mass of prismatic needles, 
which is almost white; this is recrystallised from about 800 c.c. 
of water, when 40 grams of a practically pure product are obtained 
in thick, white, prismatic needles which melt at 250—251°. It distils 
almost without decomposition at about 895°, and sublimes in long, 
colourless, prismatic needles—the sublimate being highly electrical. 
On distillation with zinc-dust containing hydroxide, the pyrrol 
reaction with pinewood was easily obtained, but the compound could 
not be isolated in quantity sufficient for an accurate investigation of 
its properties. The cli-imide was dried at 120° for analysis; the 
following are the numbers obtained :— 

0*2215 gram gave 0*114 gram water and 0*429 gram carbon dioxide. 


0*1625 „ 0*0816 „ „ 0*8192 

0*1714 „ 18*5 c.c. moist nitrogen at 14° O. and 726 mm. 

0*1565 17*5 c.c. „ 15° 0. „ 719 „ 

Found. 

Calculated for f -*-—> 

C 10 H 12 N 2 O 4 . I. IF 

C. 53'57 52-82 53'57 

H. 5-35 5-71 5-57 

N. 12-50 12-10 12-41 

0. 28-57 — — 


It is soluble in hot water, but only sparingly in cold; boiling alcohol 
dissolves traces of the substance, whilst in ether, benzene, acetone, and 
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light petroleum it is altogether insoluble, The substance is not 
attacked by bromine and water at 120°, but if heated in. sealed tubes for 
three hours at ISO 0 in the proportions of 1 mol. of substance to 4 .moIs. 
of bromine, the whole of the bromine is absorbed, and the tubes on 
cooling are filled with a pale-brown scaly product, there being at the 
same time a large pressure in the tubes due to carbon dioxide and 
monoxide. 

The brown scales, on washing with alcohol and other, became 
white, and on analysis gave numbers closely agreeing with those 
required for ethylene diamine bromhydrate :— 

0*2974 gram gave 0*1251 gram water and 0*1231 gram carbon dioxide. 


0*2078 „ 24 c.c. moist nitrogen at 25° C. and 721 mm. 

01925 ,, 0*3257 gram silver bromide. 

Calculated for 

C £ H 4 (NH 2 ) 2 ,2HBr. Found, 

C. 10*81 IT 22 

H... 4*50 4'G7 

K. 12*61 ■ 12*20 

Br. 72*07 72*00 


Besides this, a sample of pure ethylenediamine bromhydrate was 
prepared from the pure base, and when compared, the two prepara¬ 
tions agreed in all particulars. The formation of brominated succinic 
acids was not observed, but as only two atoms of bromine are required 
by the bromhydrate, and as a large pressure, due principally to oxides 
of carbon, was found in the tubes, we have probably to do with a 
more complete decomposition with formation of brominated ethanes. 

The action of the halogens on ethylenedisuccinimido, as well as on 
analogous compounds belonging to the aromatic series, in the absence 
of water, will be treated of in a subsequent paper. 


JStfiylenedisuccinamic Acid, 


^OByNH'CO-O iryCll/COOH 

^CH 3 *NH‘GO‘OH 2 *OH./COO>r 


In the preparation of this substance, 22*4 grams of the di-imide are 
pulverised and dissolved in hot water, and a solution of about 20 grams 
of pure barium hydroxide added. The whole is then kept boiling 
for about 10 minutes, and the excess of baryta precipitated by a 
stream of carbon dioxide. In the still warm filtrate, the combined 
barium is carefully precipitated by the theoretical quantity of dilute 
hydrogen sulphate, using a trace of Orange III (sodium salt of di- 
methylanilineaKobenzenesulphonic acid) as indicator. When all the 
barium has beenvprecipitated, the mixture is allowed to stand'"on the 
water-bath for tWp or three hours,-filtered, and evaporated to about 
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one quarter of its original -volume. After standing several liours in 
a cold place, the solution begins to deposit the new acid in the form 
of large, colourless, quadratic plates, having the constant melting 
point 184—185°. For analysis, it was recrystallised from water, and 
dried at 100°; the following are the results obtained :— 

0‘1647 gram gave 0-099 gram H 2 0 and 0*2768 gram 00 3 . 


0*1735 „ 0*1007 „ „ 0*2925 

0*1415 „ 14*1 c.c. moist nitrogen at 22° 0. and 726 mm. 

Found. 

Calculated for f - A -. 

CAM- i. n. 

C. 46*15 45*83 45*97 

H. 6*15 6*67 6*44 

FT. 10*76 10*76 — 

O.. 36*94 — — 


The new acid is easily soluble in hot water, with greater difficulty 
y* cold. It dissolves in hot alcohol with tolerable ease, but is only 
^ sparingly soluble in cold, and is insoluble in ether, benzene, acetone, 
and light petroleum. 

in the presence of even very dilute mineral acids, it gives up water 
on heating, being converted into the di-imide described above. 
Neither hydrazone nor isonitroso*clerivative conld be prepared by the 
action of phenylhydrazine and hydroxylamine, and this was expected, 
as it has already been proved in many cases that compounds con¬ 
taining the “carbonyl” group GO, between carbon and nitrogen, do 
not react like true “ ketones.” 

Silver Salt , CioH l4 N.>Q 6 Ag 2 .—The silver salt is prepared in the 
usual way by dissolving the acid in aqueous ammonia, evaporating 
till the excess of the latter has disappeared, and precipitating the 
solution in water with silver nitrate. It falls as a voluminous, white 
precipitate, easily soluble in ammonia, but insoluble in the general 
solvents. It darkens rapidly on drying at 100°, but is stable in 
diffused sunlight. A silver estimation was made. 

0*1647 gram gave 0*09886 gram silver chloride. 

Calculated for 

O 10 H 14 N 2 O 6 Ag 2 . Found. 

Ag *.. 45*57 45*17 

Calcium Salt, CioHuN. 4 0 5 Ca -f 3H 2 0.—-Prepared from the di-imide 
by heating with the theoretical quantity of pure calcium hydrate 
suspended in -water. The solution is filtered, evaporated on the 
1 water-bath, and then allowed'to stand over sulphuric acid; the salt 
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separates in large, prismatic crystals containing 3 mols. H a O. The 
calcinm estimation gave tlie following result:— 

0‘2280 gram gave 0*0362 gram calcium oxide. 


0*1569 „ 0*0245 „ water. 

Calculated for 

CjiiIX]jN 2 0 6 Ca -i 3H-.0. Found. 

Ca.. 11*36 11*34 

HoO . 15*34 15*61 


Uni versify Laboratory , 
Zurich. 


III .—The Principles of Thermochemistry . 

By Spencer Umfreville Pickering, M.A. 

The connection "between a chemical action and the heat evolved 
therein is a question of vital importance to all chemists and 
physicists, yet the fundamental principles on which it depends are 
at present in an eminently unstable and unsatisfactory condition. 
On the one hand, it is acknowledged that the atoms possess a certain 
amount of potential energy or affinity which becomes partially or 
entirely saturated when they combine together, and which, in its 
saturation, must, according to the principles of physical science, 
evolve an exactly equivalent amount of kinetic energy, or, in the 
calorimeter, heat,* while, on the other hand, the heat evolved in a 
reaction is not yet recognised as a measure of the affinities saturated, 
and there are thousands of instances known in which the saturation 
of these affinities apparently results in a paradoxical absorption of 
beat. 

In 1853, Thomsen (Fogg. .Ann., 92, 34, and Per 0, 425) stated 
that “ every simple or complex action of a purely chemical character 
is associated with a production of heat.” . NTaumann in 1869 (Lieh 
Ann., 151, 158) stated that “with few exceptions, capable of being 
otherwise explained, those chemical changes which must take place 
with an absorption of heat are, so to speak, indirect changes. That 
is to say, they occur simultaneously, and are dependent upon other 
changes which are themselves accompanied by a production of heat/’ 

# Unless we assume the existence of some form of kinetic or potential energy 
which has hitherto escaped our observation, an assumption 'which wc are scarcely 
justified in making, even when all other possible explanations fail, 
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While Berthelot in 1879 (Mec . China 2, 421) thus enunciated Lis 
more emphatic and comprehensive Principe de travail maximum: 
<c Every chemical change which is completed without the intervention 
of external energy will always tend towards the production of that 
body, or that system of bodies, developing the maximum quantity of 
heat,” adding, as a corollary, that “every chemical reaction capable 
of occurring without the previous expenditure of work, and without 
the intervention of external energy, necessarily occurs, if it develop 
heat.” 

No one can study the mass of thermochemical data which exist 
without concluding that such statements cannot be very far from the 
truth, at the same time we must agree with L. Meyer ( Modern 
Theories , 429) in considering that Bertlielot’s explanation of many 
endothermic reactions is decidedly forced; for to explain reactions 
occurring in solution, he has to refer them to the heat of formation of 
the anhydrous molecules, thus ignoring the chemical nature of solu¬ 
tion, of which, however, he is a firm supporter; nor does he attempt 
any explanation of the heat absorbed when many strong solutions 
are diluted, a chemical action, again, according to his views.* 

But when we examine the wording of Bertlielot’s principle more 
closely, we see that the expression “ tends towards ” destroys the 
whole value of the statement, and affords a loophole for explaining (?) 
away any discordant facts, whereas if “ produces ” be substituted for 
“ tends towards the production of ” the statement must be met with 
an absolute denial: hydrogen and oxygen do not combine at 0°, 
though they would develop heat in so doing; water decomposes at 
2000°, absorbing heat ; and endothermic compounds are often, when 
formed, quite stable. 

On still wider grounds, however, we must reject any principles, 
such as tbo v i of Berthelot and Thomsen, the gist of which lies in a 
distinction between physical and “ purely chemical ” action, a distinc¬ 
tion which never has been possible, and -which is every day becoming 
less possible. 

The whole of the thermal results in any action must be explained 
on one and the same principle. 

* Meyer’s objection to Berthelot’s principle on the ground that it is applicable 
to bodies at the absolute zero only, is based, I think, on an unfair interpretation of 
what Berthelot meant by heat being an external energy; similarly, his objection on 
the score of the heat of neutralisation bearing evidence opposed to that of the 
“avidity” of acids, is entirely due to his misconception of the quantities measured 
in neutralisation; the heat of neutralisation affords, as a matter of fact, stronger 
evidence than any yet obtained of the direct proportionality of the heat evolved 
to the affinity saturated (Trans., 1887,593). For a criticism of some of the explana¬ 
tions of endothermic- actions given by Berthelot, see Rathke, Xleber die Pnneipien 
der Thermochemie^ Halle, 1881. 
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In seeking for such a principle, we must start with obtaining a 
clear conception of the facts to which this principle must apply. On 
the one hand, it is a fact that substances will not combine until a 
certain temperature be reached, even though their combination at 
lower temperatures would he accompanied by an evolution of heat; 
while, on the other hand, it is also a fact that, when the temperature 
of any body is raised to a certain point, it decomposes whether its 
decomposition be attended with an absorption or an evolution of heal, 
this being probably true even of the elementary molecules themselves, 
Thus, the conversion of the potential energy of affinity into kinetic* 
energy (heat) occurs only above a certain definite temperature, 
different for each different body, and this kinetic energy becomes 
converted back again into affinity at some higher temperature; but 
we know far too little about atomic motions to attempt any explana¬ 
tion of how these temperatures are conditional in each special cane. 
We must content ourselves with the fact that combination occurs 
between certain limits of temperature only. 

The phenomena which we have to explain are, therefore, confined 
to those accompanying actions which do actually occur, and the only 
principles which we can attempt to enumerate are those which deter¬ 
mine whether a certain reaction will occur provided the temperature 
be between the limits at which it is possible, and to determining 
which out of several possible reactions will occur. 

The accepted principles of dissociation, the chemical nature of 
solution, and the teaching of the thermal results of neutralisation, 
will, I believe, afford grounds sufficient for the foundation of such a 
principle. 

Inasmuch as combination is the result of the saturation of affinity, 
and the saturation of this affinity must always liberate a correspond¬ 
ing amount of heat, it is evident that every act of combination mmt 
muse an evolution of heat, and that in any reaction where heat is absorbed 
this absorption must be due to some accompanying decomposition , 

But as decomposition cannot be the direct result of affinity, it must 
he due to the fact that some of the substances present are, at the 
temperature of the reaction, above that temperature at which they 
begin to dissociate, This dissociation, moreover, cannot be that of 
any of the products, for even if the products were entirely dissociated 
back again into the i^eagents, this would be tantamount to no com¬ 
bination of the reagents having occurred, and hence the minimum 
value of the heat evolved would be nil and nob a negative quantity.* 

# Heat would be absorbed if the compound dissociated into substances simpler 
than the reagents themselves; if, for instance, KOI combines with water to form u 
hydrate' which, when 1 fopned dissociates partially into K’ and 01, &e.; ;but Jhcb a 
"■caae'.i*,JLthiak, impossible, If the more saturated hydrate dissociated into K and 
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Any dissociation occurring must, therefore, "be that of the reagents. 
Hence, “ in every endothermic reaction one or more of the reagents must 
he in a partially dissociated condition 

Moreover, when combination occurs, it ivill occur independently of 
whether it involves subsequent absorption of heat through the removal of 
the products of dissociation, and the consequent necessity for the occurrence 
of further dissociation. It is obvions that the affinity of the reacting 
substances, and not the subsequent conseqnences of their reaction, can 
alone determine whether they shall react or not. 

It also follows as a matter of necessity , I think, that in any complex 
system of atoms, where two or more arrangements are possible and ivhere 
the various products remain within the sphere of action, capable of further 
interaction, where such interaction is possible, (that is, where the tem¬ 
perature is within the limits above mentioned), those products, the 
formation of ivhich is attended with the greatest evolution of heat, will be 
t'ormed to the exclusion of the others. 

Thus, in illustration of my meaning, if potassium be brought into 
the presence of excess of hydrochloric and hydrobromic acids in 
aqueous solution, the two actions— 

K + HOI = KOI -f H, and 
K + HBr = KBr + H, 

are both known to be possible, and it is also known that the KOI and 
KBr formed remain in the solution, capable of reacting with any 
excess of HBr and HOI respectively; in such a case, my proposition 
states, the potassium will be converted entirely into chloride or bromide 
according as the gross heat of formation of one or other of these salts 
is the greater.* 

Before enquiring as to how far the principles are supported by 
known facts, and how endothermic reactions may be explained in 
accordance with them, we must point out that those endothermic 
reactions which are brought about by the so-called concurrence of 
another exothermic reaction, require, in reality, no special explanation, 
the endo- and exo-thermic reactions forming, in reality, but one action. 
Thus, copper will not dissolve in weak sulphuric acid, the action being 
endothermic, hut zinc does dissolve, the action being exothermic; yet 
when alloyed with zinc, copper dissolves in the acid, the action being 

01, a fortiori, the less saturated anhydrous salt would do so also, and the dissocia¬ 
tion products of the hydrate would, therefore, not be simpler than the reagent, 

# Some of both salts would, no doubt, be formed in the first instance, hut the 
one which was formed with the least evolution of heat would he eventually entirely 
converted into the other, this reaction being, ex hyp., one of those which does occur, 
and which, having once taken place, could not be reversed without an absorption of 
heat. ■ ' , . 

y ' VOJD.LV. ■ o 
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accompanied with, an evolution of heat. But this is not really a case 
of the copper dissolving, but of a compound of copper brats dis¬ 
solving, and since brass is capable of dissolving with an evolution oi 
heat, it is but in accordance with general observation to find that it 
does so. 

As true solids do not react with each other, the cases to be examined 
are those in which gases or liquids figure. The reactions indicated 
below are the chief reactions in which gases are concerned, and 
which are endothermic at 18°. 


ELO,Oj a q. 

HClaq,0 3 . 

ci*o. 

Bi’ 3 ,0,aq. 

1s t 2 ,0. 

Br 2 ,0 6 ,aq. 

N,0. 

HBraq,Oj. 

N,Ck 

Cl 3 ,0 5 ,aq. 

NAO. 

0*01*. 

NA2HA=(XH 4 ]TO 3 ). 

c 2 ,h 4 . 

N S ,2H*0 = (NH 4 N0 2 ). 

Ca,Hj. 

C 3 ,X S . 


C,N,H. 

0,S s . 

SO a aq,S. 

CO S) C. 

H,I. 

- 

This list affords a striking argument in favour of the above prim 


ciples, for not one of these reactions is capable of taking place at 
ordinary temperatures. One or two of them occur directly at higher 
temperatures (C,S 2 ; C^Ha), but at these tempera,tares they are 
probably exothermic, at any rate, our imperfect knowledge of the 
heat capacity of the bodies concerned is not sufficient to enable as to 
affirm that they are not so. In the case of 00 s ~j~ 0 s= 200, the 
reaction which takes place at 600° is no doubt endothermic at that 
temperature, and affords one of the simplest illustrations of the 
satisfaction of affinity producing endothermic results indirectly, owing 
to the dissociation of the reagent. Thus, at 600° carbon dioxide is 
partially dissociated, that is, the stable condition of a mass of that 
gas isaiCOa -f (1 — x)CO (1 — and, if either of these three 

substances he removed, the amount of dissociation will be increased 
or diminished till this stable condition be reproduced. Carbon being 
capable of combining with the free oxygen at this temperature, 
evolving 28,000 cal. in so doing, removes this oxygen, and necessi¬ 
tates the liberation of a fresh supply by the further dissociation of the 
dioxide, and so on fill this latter has been entirely decomposed, a 
decomposition which absorbs 68,000 cal., leaving the algebraic sum 
of the actions at —40,000 cal.^ 

# Referring to this action, Bathke states that he, considers it pos&ihlo fclmt the 
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iNTo real difficulties arise till we come to consider cases in which 
liquids are chiefly concerned, and the three most difficult classes of 
such cases are the following :— 

(1.) The endothermic results on dissolving solids in liquids* 

(2.) The endothermic results on diluting strong solutions, 

(3.) The endothermic results attending double decomposition 
between substances in solution. 

Neither the immediate nor the mediate source of the absorption of 
heat which occurs when many salts are dissolved in water (to take 
a concrete instance of a solid and solvent) have ever been elucidated. 
It is just as insufficient to say that it is due to the fusion of the solid 
as to say that this is a physical action, and, therefore, requires no 
explanation. As a matter of fact, the heat absorbed cannot possibly 
be accounted for by the fusion of the solid. The absorption amounts 
in many cases to some 10,000 cal. per equivalent of salt,* and this 
represents but a portion, possibly but a half, of the total value of the 
endothermic action, for it is always counterbalanced to a greater or 
less extent by the heat evolved in the formation of the hydrates of 
which the solution is composed. 

The heat of fusion of very few salts has been determined, and to 
calculate its heat of fusion at the ordinary temperatures at which it 
is dissolved, it is necessary to know not only its heat of fusion at the 
temperature at which fusion naturally occurs, but also its heat 
capacity (specific heat) in the liquid and solid state. Potassium and 
sodium nitrates are the only anhydrous salts for which we have these 
data, but, judging by a comparison of these salts with other bodies, 
their heat of fusion is not abnormally small, yet it amounts to only— 

-(5300 + 3849 =) -1451 cal. for NaN0 3 at 18°, 

— (4800 + 2678 =) -2122 „ for KNG 3 „ 

quantities wholly insufficient to explain the heat absorbed in the dissolu¬ 
tion of the salts at 18°, which is —5000 and —8543 cal. respectively. 
Moreover, we have a still more fatal objection in the fact that the 
heat absorbed in dissolving a salt increases rapidly as the temperature 
is lowered,f whereas the heat absorbed in its fusion diminishes with a 
fall of temperature. 

presence of the second reagent may of itself induce dissociation of the first one. 
This amounts to the inadmissible conception of the satisfaction of affinity producing 
directly a further supply of affinity, that is, an endothermic reaction occurring in 
which affinity is the only agent. The whole virtue of dissociation in producing 
endothermic results consists in the presence of a third body (the product of the 
dissociation) capable of reacting with the other reagent; till some of this third 
body is present, no such reaction can take place, , 

# I refer, for the sake of simplicity, to anhydrous salts only, 
f This increase cannot be due to a diminution of heat evolved in the formation of 



20 PICKERING: THE PRINCIPLES OF THERMOCHEMISTRY. 

Bat. when a salt is dissolved in excess of water it becomes far more 
disintegrated than when it is merely fused. When fused, the mole¬ 
cules are within the sphere of each other’s attraction, and are indeed, 
I believe, combined to form molecular aggregates, but this cannot be 
the case when they are separated from each other by several hundred 
molecules of the solvent-; they are then as much beyond the sphere 
of each other’s attraction as if they were in the gaseous condition; 
indeed, insisting, as I think we must do, on the continuity of the 
liquid and gaseous conditions,—a continuity which has so often been 
urged against the hydrate theory of solution, but which, as a matter 
of fact, is of vital importance to that theory,—we must acknowledge 
that the condition of a substance dissolved in excess of water is 
identical with that of its vapour at the same temperature, and to 
separate the molecules from each other to the same extent, whether 
the condition he the dissolved or the ordinary gaseous condition, must 
absorb the same amount of heat. Thus we have not only the heat of 
fusion of the solid, but also its heat of volatilisation as a source of 
absorption of heat, and -the sum of these two quantities would cer¬ 
tainly be amply sufficient to account for the absorption noticed on 
dissolution,^ being, in those eases where data are known, ten or twenty 
times greater than the heat of fusion alone; and, moreover, it is a 
quantity which increases as the temperature falls, precisely what is 
noticed in the heat absorbed in dissolution. 

Thus, the heat of fusion of Br a is —380 cal. at 18°, and diminishes 
by 4*8 cal. for every fall of 1°; the heat of volatilisation is — 7502 
cal., increasing 11*3 cal. for a fall of 1°. 

The sum of these two is —8032 cal., increasing by 6*5 caL for a 
fall of 1°, 

In the case of water— 

Heat of fusion at 18° = —(1580 *f 8*64(2 — 18)). 

Heat of volat. at 18° = —(10798 — 12*05(2 — IS)). 

Sum. at 18°... = -(12378 -3*41(2 - 18)). 

Having thus traced to its 'Source the absorption of heat, which 
occurs during dissolution, the next question is, what forces exist 
sufficient to bring about such endothermic results?' As previously 
stated they must be due to the dissociation of the reagents,—-the salt 

the hydrates : these hydrates are less dissociated at lower than at higher tempera¬ 
tures, and the heat of complete formation of .any particular hydrate is probably 
influenced but very little by temperature, at any rate this is so with the formation 
of solid hydrates, as I have shown (Trans., 1887, 335). 

* The heat of volatilisation in such a case would be 580 cal. less than it. is when 
the substance is vaporised in the usual way, since this amount of heat is absorbed in 
the external work of expansion in the latter case. 
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or the water. Dissociation of the salt may occur to a certain extent in 
the case of hydrated salts, but it is scarcely worth enquiring further 
into its influence, since it will not help ns to explain other cases; it 
must, therefore, be the dissociation of the water which acts as the 
primary cause. 

On views which I and others have for some years been pressing, all 
liquids and solids must be regarded as consisting of compounds or 
aggregates of the fundamental molecules, these aggregates, just like 
the hydrates in a solution, being more or less dissociated, and being 
reduced to less complex ones as the temperature rises ; and the recog¬ 
nition of these aggregates can alone give a satisfactory explanation of 
the physical properties of matter in its three conditions. 

Thus: in true gases such aggregates, as the vapour-density tells us, 
do not exist, and from gases we learn that the heat capacity of each 
atom is a constant quantity.* With solids as with imperfect gases, 
the heat capacity, though very nearly the sum of the atomic heats, is 
not exactly so, and, with solids, increases slightly with the .tempera¬ 
ture ; this is exactly what would occur if the solids consisted of dis¬ 
sociating aggregates: the heat absorbed by the dissociation renders 
the apparent heat capacity greater than it is with gases, and as the 
aggregates dissociating become less complex, and, therefore, more 
firmly united, as the temperature is higher, more heat will be absorbed 
in their decomposition, and hence the apparent heat capacity of the 
solid will increase. But this variation in the heat capacity of solids 
will not be very great, since the stability of solid particles, is 
unfavourable to dissociation; when, however, we come to liquids, 
where the particles are less restrained in their motions, dissociation 
will take place to a much greater extent, and we find, as a consequence, 
that the heat absorbed in this dissociation is so great that it not only 
renders the apparent heat capacity of a liquid much greater than 
that of the corresponding solid or gas, but that it makes it increase 
so rapidly with a rise of temperature, and produces such irregularities 
in the increase, that no approach to any so-called law can be observed 
hero As the boiling point is approached, the absorption of heat 
generally becomes much greater, and, under ordinary atmospheric 
conditions, an almost sudden absorption (heat of vaporisation) occurs 
at this point when the simplest possible aggregates are resolved into 
their fundamental molecules. The irregularities observed in the 
expansion and other physical properties of many liquids can also be 
explained only on the supposition of a discontinuous action, which is 
wholly inconsistent with the idea of the fundamental molecule being 

• But not the same in the two cases. With gases 2'4, and with solids 6% is the 
heat capacity of each atom. . /': '; 'p-;.,,'. 
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the acting unit of a liquid. 5 ^ The continuity of the liquid and gaseous 
conditions is strictly adhered to according to this view, and the heat 
of volatilisation of a liquid at any temperature (less the heat absorbed 
in producing the expansion) is simply the heat of decomposition of 
the liqnid aggregates existing at that temperature into the funda¬ 
mental molecules. 

Every physical fact relative to water tends to show that its compo¬ 
sition in the liquid condition is pre-eminently complex, and its heat of 
volatilisation tells us that at 18° (for instance) the heat of formation 
of the water aggregates is as much as 10,000 cal., approximately.f 

It is argued that the so-called determinations of the molecular 
weights of solids and liquids by measuring the extent to which they 
lower the freezing point of some, solvent (Haoult’s method), proves that 
these molecular weights are of a very simple character. But these 
results, which are inconsistent with so many other facts, receive an 
easy explanation on my views as to the nature of dissolved substances, 
Raoult’s method applies only to dilute solutions, and in these dilute 
solutions the substance is really in the gaseous condition, and wo arc 
determining the molecular weight not of the solid or liquid but of 
the gas 4 

ISTow according to the kinetic theory of gases, which in this respect 
applies equally to all fluids, a mass of water consisting of aggregates 
having the average composition of at a temperature of 18°, is 

made in reality of aggregates some at a temperature above 18°, some 
at a temperature below 18°; those aggregates which are at the higher 
temperature will be dissociated into less complex aggregates than 

# All that is said of the heat capacity may, indeed, be said of the expansion of 
substances. Perfect gases, where no dissociation occurs, expand regularly j. in dis¬ 
sociating gases the expansion increases rapidly j in solids, where but little dissocia¬ 
tion is possible, the expansion is comparatively constant, whereas in liquids, where 
dissociation may occur to a large extent, the expansion increases rapidly, and often 
irregularly. It may be suggested that the peculiarities in tho expansion tm the 
causes of those in the heat capacity, but this still leaves us with the equally difficult 
problem of explaining the former. It is far more probable that they are both con-, 
sequences of dissociation. 

f Taking the mean heat capacity of 18 grams of water between 18° and 1,00° m 
1ST, and that of steam at constant volume as 6*65, and the heat of volatilisation of 
18 grams of water at 100 ° as 9650 cal., we get [9650 + 82(18*1 - 6*65) w] 
10,589 cal., as the heat of volatilisation at 18°, of which 580 cal. are absorbed in 
producing the accompanying expansion. The correctness of this value, however, is 
doubtful, as the heat capacity of steam below 130° has not been determined 5 but an 
error of even several thousand calories would not affect the present argument. 

t Ramsay (Trans., 1888, 623) found the method applicable to nitrogen totroxido 
when dissolved in only 18 mols. of acetic acid j but in this case the vaporisation 
of the tetroxide due to its dilution would be materially increased.,by. hheAenv 
perature of; the determination being only 10 ° below its normal boiling point. ' 
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*H 8 0, say, mH 2 0, &c., whereas those at the lower temperature 

will be more complex, say, sH 2 G, #iHoO ; at this particular temperature, 
therefore, the stable condition of a mass of water is such that there is 
a certain number of x, m, and ^H 2 0 aggregates present, and if any of 
these be removed from the sphere of action, more dissociation or com¬ 
bination will take place till this stable condition he restored. 

In fact, the water at this temperature is continually giving off 
fundamental molecules (that is, has a vapour-tension), a certain 
number of these fundamental molecules must he present in the mass 
of the water, and these molecules possess a potential energy equivalent 
to 10,000 cal. greater than that of the average particles constituting 
this mass, and these particles will be able to effect a combination with 
evolution of heat, which • in the case of the average particles would 
involve the absorption of some 10,000 cal., and, therefore, he impossible. 

One fundamental water molecule coming in contact with a salt 
molecule would thus be capable of combining with it if the heat of 
volatilisation of the salt molecules was not greater than 10,000 cal.: 
the simultaneous arrival of two such water molecules would combine 
with the salt if its heat of volatilisation were double this quantity; 
but it is not necessary even to have recourse to this simultaneous 
arrival even in such cases, for the combination of the salt molecule 
with one molecule of water only would not remove the former entirely 
from the sphere of attraction of its fellows, it would not be completely 
volatilised, and would not require .to be supplied with as much as its 
fall heat of volatilisation. 

The free water molecules being thus removed by their combination 
with the salt from the sphere of action, other water aggregates must, 
according to the laws of dissociation, split up to supply the vacancies, 
and this action is accompanied by an absorption of —* 10,000 for every 
18 grams thus dissociated. But, if this absorption of heat were not 
subsequently counterbalanced, we should have proved far too much. 
In the cases which have been investigated, it has been found that each 
salt molecule combines ultimately with over 1GOH 2 Oj the heat 
absorbed in liberating this 100H 3 O would be 1,000,000 cal., not to 
mention the beat absorbed in the volatilisation of the salt, and it is 
quite impossible to imagine that the heat of combination of the water 
and salt molecules is so great as to nearly, and often indeed, more 
than counterbalance such an absorption.* But here the teaching of 
the heat of neutralisation comes to our aid ; we learn from it, as I 
have shown (Trans., 1888, 872), that the affinity which hinds the dis¬ 
solved molecules to those of the solvent does not affect that by which 

* The heat developed in the mere combination of each water molecule with a 
salt molecule is probably between 200 and 5000 cal. 
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the solvent molecules are united -with each other; in dilute solutions, 
the 'water molecules are just as much combined with each other as 
they are in a mass of pure water, the hydrates present are compounds 
of the salt with the aggregates or polymers of H 2 0 ; and thus when a 
solid is dissolving, as the proportion of the water molecules in the 
hydrate increases, these then recombine with each other, and in doing 
so will, of course, evolve the same amount of heat that their produc¬ 
tion from the water aggregates absorbed. The net results obtained, 
therefore, when dissolution is complete, will simply be the algebraic 
sum of two quantities : (1) the heat evolved in the combination of the 
salt and water molecules, (2) the heat absorbed in volatilising the salt 
molecule; and according as the former or latter of these is the greater 
so will the heat of dissolution be positive or negative ; but the motive 
power, if I may use such a term, which pi^oduces these results is the 
energy contained in the free water molecules. 

When a salt is dissolved by admixture with ice, tbe heat absorbed 
is greater by the heat of fusion of the ice than in the case of water, 
hut the same explanation will be sufficient in this case also. Ico near 
its melting point is certainly in a state of incipient fusion ; and some 
of the particles of liquid water present in it are certainly dissociated, 
even as far as the fundamental molecules, as is proved by the con¬ 
siderable vapour-pressure of ice at this temperature. We, therefore, 
have the same motive power as in the case of water. It may be 
predicted, however, that no such action would occur if the ico were 
perfectly dry, as it is at a temperature some degrees below zero, and 
it is certain that no such action could take place if the temperature 
were below that of the formation of the so-called cryohydrate. 

The endothermic results noticed in many cases when strong solutions 
are diluted are but the extension of the action primarily occurring 
•when the salt is dissolved. As the dilution is increased, the hydrates 
become higher and less dissociated, evolving heat, while the salt 
becomes more entirely volatilised, absorbing heat, and the sign of the 
thermal change depends on the relative value of these two actions. 
Some years ago ( Ghem . News, 54, 21*7) I was led to believe in the 
existence of two such opposite actions, from, the mere study of the 
curves representing the heat of dilution as given by Thomsen. 

Another endothermic reaction also undoubtedly occurs in many 
cases—the dissociation of a salt into its free acid and base. This, I 
think, is a purely mechanical action, operating in the following 
manner. The salt in question, when liquid, is somewhat unstable 
and partially dissociated at the existing temperature, even when no 
water at all is present, and the extent of this is limited by the 
chances which occur of the dissociated components meeting each other 
when in a suitable condition and recombining, and these chances of 
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meeting are diminished a hundredfold when we increase a hundred 
times the space over which the substance extends by diluting it. 
The amount of dissociation occurring would thus be directly pro¬ 
portional to the volume of the liquid, and Thomsen’s results with 
acid sulphates ( Thermochem 3, Plate VI) tend to support this view. # 
On such a view, dilution could never start, but only increase disso¬ 
ciation, and we have no grounds for supposing it to be otherwise. 

The third important class of enthodermic reactions to be explained 
is that in which double decomposition occurs between two dissolved 
substances. Double decomposition between two salts presents us 
with an instance of most frequent occurrence, and to investigate this 
we may go to the root of the matter by ascertaining how and on what 
principles a base divides itself between excess of two different acids, 

According to the deduction drawn above from theoretical considera¬ 
tions, the acid which evolves the most heat on neutralisation will take 
the whole of the base, and, consequently, if both acids have the same 
heat of neutralisation, as is generally the case when excess of water 
is present, they will each take the same amount of the base, this re¬ 
ferring only to cases where the salts formed are stable and remain in 
solution, and it being assumed, of course, that the acids are present 
in equivalent proportions. When the acids are not present in 
equivalent proportions the base will divide itself between them in 
proportion to the number of equivalents of each present; the division 
being regulated simply by the chances of impact. 

This is nothing but the law enunciated by Berthollet in 1808, and 
discarded at the present time as being altogether insufficient. But 
I think that it will yet be found sufficient while the more elaborate 
theories of recent days will fail. 

In cases where one of the salts formed is partially dissociated, 
the stable salt will be formed to the exclusion of the dissociated 
one when the solvent water is very large; but if the water is 
not in large excess there will be a limit to the dissociation and 
some of the less stable salt will be formed. For, the salt being 
dissociated, means that at the given temperature its condition 
of stability is $AB + (1—a?) (A + B), (A and B being the acid and 
base, which form it) ; the free base B coming in contact with and com¬ 
bining with the stronger acid, A', is thus removed from the sphere of 
action, and more of the salt AB dissociates to give a further supply 

# There are of course other actions occurring besides the dissociation of the salt 
as the dilution proceeds; we should not therefore expect the action to he repre¬ 
sented by a straight line, but by lines which more nearly approach straightness 
than they do in cases where these other actions are the only ones occurring, as in 
the case of diluting stable salts. Such are the characters of the curves in the two 
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of free base, and tins action must continue as long as any dissociation 
at all takes place. But, the proportion of the free weak acid present 
increasing, a point will be reached when every molecule of AB will find 
itself within the sphere of action of so many molecules of this acid, that 
there would always be one of these present in a suitable condition to 
recombine with the base B the instant it dissociates from its former 
acid molecule. Practically, there would be no longer any dissociation 
under these circumstances. By separating the salt AB farther from 
the free acid, an increase in the proportion of water present would 
increase the limits of dissociation, and, therefore, also the proportion 
of stable salt formed. It is obvious also that this latter would be 
increased by adding more of the stronger acid, and diminished by 
more of the weaker one. 

All the 'determinations which have been made of the division of 
base between two acids by thermal methods depend on the comparison 
of the action of an acid on the base with that of sulphuric acid on the 
same base. The latter action is therefore of paramount importance. 

Supposing in the first place that the heat of neutralisation of 
H 2 S0 4 per H displaced is the same as that of HC1 and HNO :j (a 
supposition which I shall shortly justify), then when 4NaOH is mixed 
with 4HC1 and 2H 2 SCh, the system formed, according to the princi¬ 
ples of division of the base which I have laid down, would be 2Na01 
and 2HC1, Na 2 S0 4 and H 2 S0 4 ,—an equal division. But, as a matter 
of fact, whatever the explanation of the fact may be (and the explana¬ 
tion, will be given below), Ka 2 S04 and H 2 S0 4 react on each other 
and form the acid salt 2NaHS0 4 , thus leaving no free sulphuric acid, 
and an alteration in the division of the base would, therefore, become 
necessary in order to supply the place of the free sulphuric acid thus 
removed. In fact, sulphuric acid acts as a monobasic acid only, in this 
reaction, and consequently we should compare 4HC1 with 4H,S0 4 , in 
which case the base would divide itself equally between the two 
acids, whereas, when we compare 4HC1 with 2H*iS0 4 , the base would 
divide itself in the proportion of two equivalents to the former and 
one to the latter. 

Now these theoretical deductions are entirely supported by the 
ascertained facts of the case. HNO s , HOI, HBr, and HI, acids of 
which the heat of neutralisation is the same, and which form stable 
salts, divide the base between, them equally, the relative numbers 
obtained by Thomsen being 100, 100, 89, and 79, and these numbers 
are certainly as nearly equal as could be expected, seeing that Thom¬ 
sen’s method contains many obvious sources of inaccuracy, for lie 
regards certain small quantities as being negligible, be assumes certain 
actions to be represented by,true hyperbolae, which {judging fibtb'thy 
results^ on' the'heat, of dilution) they are not,:and the wafer:fie' 



PICKERING: THE PRINCIPLES OF THERMOCHEMISTRY. 27 


used was only lOOILO per each, equivalent, a quantity far too small 
to admit of the thermal results of dissolution being complete.* 

With ifLSCh and iH 2 S0 4l in accordance with my deductions, we 
find that one-third only of the base is taken, the numbers found being 
49 and 45 respectively, f while with the other acids investigated 
the numbers were as follows :— 


Trichloracetic acid... 
Orthophosphoric acid 

\ Oxalic acid .. 

Monoehloracetic acid. 
Hydrofluoric acid ..„ 

i Tartarie acid . 

^ Citric acid . 

Acetic acid. 

\ Boracic acid ( B 2 0 3 ) 

^ Silicic acid.. 

Hydrocyanic acid .. . 


36 

25 

24 

9 

5 

5 

5 

3 

1 

0 

0 


Of these, all except phosphoric and oxalic acid form salts dissociated 
by water, J and hence, in accordance again with my deductions, we find 
that they take either none of the base or but a small proportion of it; 
the dissociation of the trichloracetates is very small comparatively, 
and hence the acid gives an exceptionally high value. With oxalic acid, 
the quadrantoxalate is probably formed, and hence 2 C 2 H 2 O 4 instead 
of JC 2 H 2 O 4 should be compared with HH0 3 , in which case the value 
for the avidity would be 96, that is, nearly 100, as with other strong 
acids. With phosphoric acid only, the results seem rather anomalous, 
but it must be remembered that, in addition to other sources of uncer¬ 
tainty, these numbers were not obtained by direct comparison with 
nitric acid, but with sulphuric acid, where the results may be compli¬ 
cated by the formation of acid and double salts. 

Ostwald (/. p*. C'hem . [2], 19,473) made some determinations of the 
so-called “■avidity ” of acids when used in normal and decinormal 
solutions, which showed that with the weaker acids the avidity was 


# For objections raised on otber grounds see Hagemann, Binige kriiische 
Bermerkungen mr Aviditdtsformell, Berlin, 1887. 

f J.e., when HNOjj and |H 2 S0 4 is mixed with #HaOH, for every lOONaOH 
taken by the former acid, the latter takes only 49, or one-third of the whole. 

X The fluorides are certainly dissociated in solution, as is shown by their alkaline 
reaction and their action on glass. The abnormally large heat of neutralisation of 
hydrofluoric aeicl is probably due to the same causes as those which I haye suggested 
(Trans., 1885, 598) to meet the case of sulphuric acid : this would involve the 
recognition pf the ^cid having a more complicated constitution than HF many 
facts, including its thermal reactions, render this very probable.,. , '.d', 
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far greater when dilute than wlien strong. These results, apparently 
in opposition to my deductions above, are easily explained. The 
comparison was made by determining tiieir relative action on calcium 
oxalate, and tbe more tbe calcium salt formed was dissociated, the 
more acid would there be left to continue the action on tbe oxalate. 
Directly opposite results would certainly be obtained by other 
methods. 

We assumed in the above that the heat of neutralisation of sulphuric 
,&cid was the same per H atom displaced as that of the other acids, 
namely, 18,800 cal. As a matter of fact, the experimental value is 
2 x 15,690 cal.* for the displacement of the two atoms of hydrogen ; 
but, as we have seen, in this case the two atoms of hydrogen are not 
displaced, but only the first one, and the displacement of this evolves 
only 14,754; but even this number is greater than it should be under 
perfect conditions, for, on the one hand, it would be reduced by several 
hundred cal. if the dilution were infinite, while, on the other, the acid 
salt formed is partially decomposed into the normal salt and free acid, 
a decomposition which evolves heat, and the removal of these two 
sources of evolution of heat would no doubt reduce the heat of 
neutralisation to the normal 13,800 cal. 

One more difficulty which lies at the root of the matter remains to 
be explained, namely, why is the acid sulphate formed in preference 
to the normal sulphate, since the formation of the latter corresponds 
to the greater evolution of heat P Or, in other words, why does the 
normal salt combine with free acid to produce the acid sulphate with 
absorption of heat ? 

The explanation given by Berthelot (II, 642) is not, I believe, 
far from the truth. He points out that, although the reaction 
between the sulphate and acid in weak solutions is endothermic, yet 
between the anhydrous substances it would be accompanied by nn 
evolution of heat. But it is not necessary to go bade so far as the 
anhydrous substances to find an exothermic reaction, and, as these 
anhydrous substances do not exist in the solutions, by so doing we do 
not, in my opinion, obtain any real explanation. The reaction, how¬ 
ever, will be exothermic when it takes place between the sulphate 
and any of the lower hydrates of the acid, some molecules of which 
must certainly he present, owing to dissociation, even in comparatively 
dilute solutions. Thus, although the reaction— 

NaaSO^OOBW) + H 2 S0 4 200H*0 = 2(KaHS0 4 200H 3 0) 

gives—1870 cal., yet 

bfa 2 SO 4 20OH 2 O + H 2 S0 4 9H 2 0 = 2(KaHSOJO4'5H 0 O) 

# The number refers to H 3 S0 4 ,200H 2 0, with 40QE 2 O it would be about 800 cal. 
smaller. 
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gives (■— 1870 + 2150 — 150 =) +180 cal., and with still lower 
hydrates of the acid and of the normal sulphate, the reaction would 
become rapidly more exothermic. This reaction, being known to 
occur when the substances are taken in this degree of hydration, 
would necessarily occur here, and the removal of these lower hydrates 
of sulphuric acid from the sphere of action would necessitate a fresh 
dissociation of the higher ones to supply their places ; hence the 
absorption of heat observed. The action is but an illustration of the 
principles here enunciated,—a possible action must always take place 
if it develops heat, whatever absorption of heat its occurrence subse¬ 
quently involves, owing to the partial dissociation of the reagents. 

It is scarcely necessary, however, to point out that this reaction is 
never complete, at any rate in wmak solutions, for it is limited by the 
reverse action, the acid sulphate formed being dissociated back into 
free acid and neutral salt by the action of excess of water.* And an 
increase in the amount of water present -will not only increase this 
reverse action, bnt will also diminish the chances of the combination 
of the acid and normal salt by diminishing the proportion of the lower 
hydrates of the former in the liquid. 

It will thus be seen that the whole notion of the distribution of a 
base between two acids being determined by certain constants peculiar 
to the acids termed their “ affinity,’’ or “ avidity,” becomes unnecessary 
and incorrect. And the manner in which this distribution occurs, 
instead of being irreconcilable with the results of the heat of 
neutralisation, as L. Meyer maintains, is determined solely by it, and 
the known laws of dissociation. 

It is indeed incomprehensible how these ideas of cc avidity” could 
have been accepted almost without question, as has been the case, 
unless it be that the interesting mathematical exercise relating to 
affinity, indulged in by Gruldberg and Waage (Jitudes stir les qffinites 
Ckimique , Christiania, 1867), was sufficient (as is generally the ease 
when x and y is introduced into chemistry) to ensure the blind 
acceptance of that which common sense would reject. 

What can be the meaning of an acid having a property which is a 
t£ constant,” and which yet varies continuously with a variation in the 
- proportion of the solvent present. 

In every case which has been investigated, the water has a most 
marked influence on the division of the base. Thus, Thomsen’s results 
(I, 131), which he interpreted as showing that the water has no in¬ 
fluence on the avidity, give— 

* This reaction would be exothermic with any hydrate of the acid sulphate 
which contains sufficient water to form on dissociation a hydrate of the acid higher 
than about H 2 S0 4 ,9H 2 0. 
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Avidity of H 2 SO 4 , when 150 H 2 0 for each double 

equivalent is present.... 

When 200 H 2 0 is present.. 


= 46 
= 49 
= 52 * 


while Berthelot, who combats the idea of this 4< avidity,” gives the 
following values for the reaction of— 

JKoSO* on HYO* in total of 2 litres of water -1810 cal. 


33 

33 

33 


33 

33 

33 


4 

8 

20 


33 

33 

33 


—1780 

—1600 

-1500 


And Ostwald ( [loc . step, cit .) gives, amongst others, the following 
numbers:— 



In 

In 

Relative avidity of 

N solution. 

N/10 solution. 

Formic acid ... 

,..,. 2*33 

12-9 

Acetic acid.............. 

. 1-05 

7-85 

Monochloracetic acid .... 

..... 4*6 

21-3 

Citric acid... 

..... 2*75 

14-4 


Yet these numbers have been accepted as being constants in each 


case.f 

It must even be doubted whether the concordance between the 
values obtained by different methods is sufficient to warrant us in con¬ 
cluding that tbe numbers obtained really represent the division of the 
base which has taken place in the particular solutions investigated ; 
thus the values for— 

Sulphuric acid vary between nearly 100*0 and 46*0 


Formic acid vary between. 12*9 ,, 2*6 

Acetic acid vary between.. 7*4 „ 1*2 

Monochloracetic acid vary between.. 22*0 „ 5*1 

Trichloracetic acid vary between .... 89*9 „ 36*0 

Oxalic acid vary between .......... 43*0 „ 22*6 

Isobutyrio acid vary between ....... 5*8 „ 0*9 

Citric acid vary between ........... 14*4 „ 3*1 

and so on 5 


numbers which no one who was not bent on proving a pet theory, 

# If the proportion of water was sufficient to dissociate all the acid sulphate 
formed, the iH 2 S0 4 would either take all the base or exactly half of it, according 
as its heat of neutralisation, (to form the normal salt) in this state of dilution still 
remained greater than that of the nitric acid, 13,800 cal., or, which is quite possible, 
was reduced so as to be equal to it, 

f Perhaps I am somewhat unfair in my criticism of Ostwald’s opinions ?, he cer¬ 
tainly admits that the water present, as well as the temperature, influence 
values for the affinity to a very great extent; but, on the other hand, the whole 
idea,of The existence.of such a thing as a constant of affinity is dependent "ioh'ffa 
non-variation.,,,,' ■ Arh,, ■ 
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irrespective of fact, would ever have regarded as being identical in 
the respective cases.^ 

When a base (HaGH) is mixed with two acids (HC1 and HBr), of 
which the heat of neutralisation is the same, the enormous number of 
molecules actually taken in any experiment is sufficient reason for 
practically equivalent amounts of the two salts (ISTaCl and NTaBr) 
being formed, but it is not so apparent why these same salts should 
be formed in equivalent proportions, as we know they are, when we 
mix one of them with the other acid, NaCl with HBr, for instance, 
unless dissociation occurs to such an extent that the fundamental 
molecules themselves are broken np into their constituent atoms, 
which would then combine with the other atoms of opposite character 
according to the frequency of collision, that is, in equivalent propor¬ 
tions. This resolution into atoms cannot, I think, be maintained, but 
the necessity for it is obviated if more than two hydrates of each 
substance, saturated to different extents, be present. Bor the lower 
and less saturated hydrates of the one salt might react with the 
higher hydrates of the opposite acid so as to produce an evolution of 
heat, while the same would occur with the lower hydrates of the other 
salt acting on the first acid, and thus we should get ever-occurring 
opposite reactions, admitting of the known interchange of radicles 
and soon resulting in a condition of equilibrium. 

From tbe principle that the sum of the kinetic and potential 
energy of any system is an unalterable quantity, and that affinity is 
energy, it follows that the heat evolved in any reaction is the 
difference between the total energy of the system before and after 
the reaction, and hence it seems at first sight that we should be able 
to calculate the total energy in any substance, and, consequently, the 
heat evolved in any reaction, from a knowledge of the heat necessary 
to raise the reagents and compound from the absolute zero to the 
temperature of the reaction. The principle of this method is indeed 
applicable with absolute cei-taintv to the determination of the 
difference in the heat evolved in any reaction at two different known 
temperatures (Person’s principle, the non-application of which would 
mean that energy could be created and destroyed, see Trans., 1887, 
329), but it fails when we attempt to apply it to any determination 
of the actual amounts measured by extending our arguments as far 
as the absolute zero, for the following reasons. 

* The most reliable thermal method (though even this would not be absolutely 
certain) would he to make a series of determinations with acids neutralised to 
different extents previously with, the base, and to plot out the results in a diagram 
and thus find the proportional neutralisation requisite to form solutions which on 
being mixed would develop no heat. ' Thomsen's results quoted,'above'.were 
i deduced from 'some determinations of this kind Hade, by him. ■ ; i 1 
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(1.) The heat capacity of substances at ordinary temperatures 
affords no clue as to what their heat capacity would be at such low 
temperatures, indeed we have good reason to suppose that great, and 
comparatively sudden, changes would he experienced in this heat 
capacity before the absolute zero were reached (see L. Meyer, 87). 

(2.) Because we do not know where this absolute zero may be 
situated: the generally accepted temperature of —273° is simply 
what the zero would he if a gas remained a gas, and contracted regu¬ 
larly when cooled to this point; both of which suppositions we know 
to be incorrect: in questions on thermodynamics —273° gives correct 
results, simply because it is applied only to cases where perfect gases 
are in question, and its use is simply equivalent to the statement 
that gases expand of the volume at 0° 0. for each degree.* 

Person's attempt (Ann. Ohim. Phys ., 21 , 295; 27, 250) to find the 
absolute zero from other data treated in a precisely similar manner, 
led to discordant results. Assuming that ice and water could remain 
as such at the absolute zero, and that they had then the same heat 
capacity as at known temperatures, he found that the absolute zero 
should be —160° instead of — 273 p , and if he had applied his principle 
(as it should be applicable if true) to the case of water and steam, lie 
would have found the still less acceptable result 4-850° C.f for his 
absolute zero. It is useless to base any theory on the supposition of 
facts being otherwise than we know them to be. 

(3.) Because it by no means follows that, at the absolute zero 
of temperature, potential energy of affinity as well as kinetic 
energy would be non-existent. Facts, indeed, favour tlic contrary 
view. Affinity can cease to exist as such, that is, become converted 
into heat, only by being saturated by the combination of the sub¬ 
stances endowed with it. hTo such saturation can take place on 
cooling a perfect gas, since a perfect gas is a substance in, which the 
fundamental molecules never come within the sphere of each others 

* The confirmation of —273° by Joule’s evolution of Carnot’s function {SolmiUfh 
Papers, ii, 290) is not independent, as It is based on the coefficient of expansion of 
gases. Raoul Pictet’s ( CompL rend., 88, 855) calculation of the melting points of 
the elements based on —273° being the absolute zero, gives more acceptable confir¬ 
mation, but it depends on an hypothesis to start with, and the variation of the 
constant obtained between the somewhat wide limits of 4 and 5 would allow of 
considerable latitude in the zero point taken. 

f The absolute zero is, according to Person’s argument, the temperature at 
which the heat of fusion of ice is nil, and similarly it should be that at which the 
heat of volatilisation of water is also nil. It appears to me that this latter tem¬ 
perature must be identical with the critical temperature of the liquid in question, 
but to calculate it properly we should have to take the actual (unknown) heat 
capacities at these temperatures, and not those at other lower temperatures, as is 
The case .above. 1 ' ■■ \ 1 , '' , :. ■ 
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attraction (in proof of which we find that, when perfect gases combine 
to form a perfectly gaseous compound, the heat of their combination 
at constant volume is the same at all temperatures): with solids, 
the constancy in the heat given out in cooling, at most 6*4 cal. per 
atom, shows that the greater part of this is in all probability due 
to the fall of temperature only, and that very little of it is due to 
combination ; this leaves but the heat evolved in the passage of the 
substance from the perfectly gaseous to the solid condition, less that 
evolved by the mere fall of temperature, to account for the total 
affinity possessed by the perfect gas, and this would I think fall far 
short of the amount of affinity known to be possessed by many gases, 
for it could rarely if ever amount to 10,000 cab per molecule,* The 
beat of neutralisation gives us, again, much information on this 
point, for it shows that the affinity which serves to unite the similar 
molecules of a solvent with each other, and which could alone become 
saturated by a fall of temperature, is not the only free affinity 
possessed by the molecules, for it is independent of that affinity 
owing to which these molecules combine with those of a salt and 
effect its dissolution; in other words, there is other affinity besides 
that which could become satisfied by cooling the liquid. 

For these reasons the so-called absolute zero can give us no aid in 
calculating the heat evolved in a chemical reaction, and we must be 
content to wait for the present till some other means of doing so be 
discovered. 


IY .—The Isomeric Sulphonic Acids of ft-Naphthyltimine* 

By Arthur Gr. Gtreeit, 

By the sulphonation of /S-naphthylamine under different conditions, 
four isomeric monosulphonic acids have been obtained [a (Badische), 
ft (Brenner’s), <y (Dahl’s), and c (Bayer’s)], hut our knowledge con¬ 
cerning them is still very incomplete. It therefore seemed of interest 
to communicate a few results which I have obtained in their investi¬ 
gation. 

By heating y3-naphthylamine with 3 to 3| times its weight of 
ordinary sulphuric acid, at 100—105°, a mixture is obtained which 

# With Br s it is, for instance, less than 8000 cal., and supposing it were as ranch 
as this with H s , this would give the affinity of H.> + Br 3 as 16,000 only, whereas 
we know they combine to form 2HBr with an evolution of 17,000 cat, and that 
this compound so formed is far from being saturated, as is shown by its heat of 
■dissolution. '■ /" — A:);. ; A 
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consists, according to Dahl (Germ, Pat., Eo. 29084, 8227], 82270), of 
the a-, 0 ~, and 7 -acids in the proportion of about 50 per cent, of a, 10 per 
cent, of 0, and 40 per cent, of 7 . These can be separated by means of 
the difference in the solubilities of the sodium salts in spirit and of the 
barium salts in water. The proportion of the several isomeridcs varies 
greatly with the temperature at -which the reaction takes place; thus 
by heating the above melt for some time at 120 °, the quantity of «-acid 
is greatly diminished, whilst that of the /3-acid is increased. On the 
other hand, by sulphonation with three parts of fuming sulphuric 
acid (20 per cent, anhydride) at 70—80° for a short time, about 70 
per cent, of the 7 - and 30 per cent, of the acid is formed, hut scarcely 
any of the 0-acid. A similar mixture is obtained (Dahl, Germ, Pat., 
ETo. 32276) by agitating 0-naphthylamine sulphate with ordinary 
sulphuric acid for two or three days at. a temperature of 15—20°. 
By heating 0 -naphthylamine hydric sulphate at 200—210°, a product 
is obtained which consists chiefly of the 0-aeid (Liebmatm, Monit. Bci 
1885, 1043). By heating 0 -naphthylamine sulphate (1 part) with 
8 parts of ordinary sulphuric acid at 160—170°, for one hour, a mixture 
of about equal quantities of the 0 - and 3-acids is formed (Bayer and 
Duisberg, Ber., 20, 1426; C. Schultz, Ber., 20, 1358). The 3-aeid 
is also obtained from a-naphthalenedisulphonic acid by heating it 
under pressure at 250° with aqueous sodium hydrate, and then with 
ammonium chloride (A. Weinberg, Ber 20, 2906, 3353). 

The 0~naphthylamine-0-sulphonic acid is obtained from 0-naphthol- 
0-sul phonic acid (Schaeffer’s acid) by heating with ammonia under 
pressure (Farbfabrik, vorm. Bronner, Germ. Pat., Eo. 22547), 

The constitution of these four acids is probably represented by the 
formulas—- 



IIO3S 


/ 'yn., 

w 


/YVh, iioYYN 


\/\, 

sem 


\/\ 


NIL. 


Jn these formulae, it will he seen that the a- and 7 -acids contain the 
HS 0 3 group in an ^-position, whilst in the 0 - and A acids the HS0 3 
group is in the 0 -position. 

This explains the influence of temperature on the formation of the 
several acids, for, like the a- and 0 -sulphonic acids of naphthalene, 
the acids with the HS 0 3 group in the ^-position (the a- and 7 -acids) 
are formed at low temperatures, whilst those with the HSOa group m 
the 0 -position (the 0 - and o-acids) are formed at higher temperatures. 
Also, just as a-naphfhalenesulphonic acid is converted into 1 0 -iiapb™ 

' thalenesulphonic acid 'by heating with H 2 S0 4 to a higher temperature,,' 
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so eacli of tlie a-acids of /3-naphthylamine (the a- or 7 -acid) is 
converted into a mixture of the two / 9 -acids (the ft- and e-acids) by 
the same treatment. 

Products of the Sulphonation of ft-Naphihy famine at 100—105°. 

/3-bTaph t by I amine was heated for five or six hours with 3—34 
times its weight of ordinary concentrated sulphuric acid at a tem¬ 
perature of 100—105°; the melt was poured into water, and the pre¬ 
cipitate washed, pressed, and dried. For the separation of the isomeric 
acids, the method given in Dahl and Go’s, patent was employed, and 
found to serve very satisfactorily. The acids were converted into the 
sodium salts, and boiled for an hour with six or seven times their 
weight of 90 per cent, spirit. The insoluble residue, after pressing 
and a final extraction, is the pure sodium salt of the a-acid. From 
the sodium salt, the pure a-acid was obtained, well crystallised in the 
form of prismatic tables. For this purpose, it was dissolved in boiling 
water, some ammonia added, and then acetic acid just short of pre¬ 
cipitation ; on cooling, the acid crystallises out. Precipitation with 
acetic acid from an ammoniacal solution was found to be a very con¬ 
venient way of obtaining ail these isomeric acids in a well-crystallised 
form. From the alcoholic filtrate containing the ft- and 7 -acids the 
spirit was distilled off, the residue dissolved in water, and precipitated 
with hydrochloric acid. The precipitated sulphonie acids were 
neutralised with barium hydrate and left to crystallise. A sparingly 
soluble barium salt crystallised out, whilst the mother-liquor contained 
the easily soluble barium salt of the 7 -acid. From this, the 7 -acid was 
set free by hydrochloric acid and obtained pure in the form of small 
plates by precipitation with acetic acid. 

The sparingly soluble barium salt was purified by recrystallisation 
from water. According to Dahl, i>t consists of the salt of the /9-acid 
only, but my experiments prove that it is a mixture of about equal 
parts of the ft- and 6 -aeids, By repeated fractional crystallisations 
from hot water, the two acids were separated. The more soluble one 
was found to be identical in appearance, properties, and in its sodium 
and ammonium salts with the 6 -acid obtained by Bayer’s method of 
sulphonating at 170°. The 6 -acid was also obtained from the sodium 
last which crystallised out on cooling the hot alcoholic solution of the 
mixed sodium salts (see above). This, according to Dahl, is the 
sodium salt of the /3-acid, but from my experiments it appears to 
consist almost entirely of the salt of the 6 -acid. The presence of the 
6 -acid as well as the /3-acid amongst the products of the sulphonation 
at 100 ° might certainly be expected, since, as has already been men¬ 
tioned, both the a- and 7 -acids, which are probably the primary 



36 GREEN: THE ISOMERIC SULPHONiC ACIPS 

products, are converted, into mixtures of ft and o-acids on further 
heating with sulphuric acid. 

The proportion in which the four isomerides are formed at 100° 
may be roughly estimated as about 50 per cent, of a, 40 per cent, of 7 , 
5 per cent, of ft and 5 per cent, of 8. 

Properties of the four Isomeric A cids, 

In the formula given above, it will be seen that the a-acid differs 
greatly from the ft, 7 -, and d-acids in being a homonucleal compound, 
whilst the other three are heteronucleah This is fully borne out in 
their properties. Tims the a-acid is the only one whose sodium salt 
is insoluble in spirit. The azo-compounds also show characteristic 
differences. For instance, the scarlets obtained by combining tho 
diazotised acids with ftnaphthol are very similar in shade, and readily 
soluble in water, whether the ft, 7 -, or thacid is employed, hut that 
from the <x-acid is almost insoluble. Again, by combining diazotised 
primuline or benzidine with either the ft-, 7 -, or c-acids, scarlets of 
almost the same shade are obtained, but the a-acid gives an orange. 
By diazotising, and boiling with dilute sulphuric acid, the os-acid was 
converted into the corresponding <*-su3phonic acid of ftnaphthol 
(Bayer’s), whose sodium salt was soluble in alcohol, and crystallised, 
from it in silky plates, exceedingly soluble in water. It is to be 
observed that the naphthylaminesulphonic acid, insoluble in spirit, 
corresponds to the naphtholsulpbonic acid soluble in spirit. 

The ammonium salts of the four acids are very characteristic. The 
ammonium salt of the Jt-acid forms very soluble, large, solid prisms; 
that of the 7 -acid exceedingly soluble tables ; the 8- salt tolerably 
soluble, small plates; whilst the /3-salt, which is the least soluble of; 
all, crystallises in beautiful, large, thin plates, often 1 or 2 inches 
long, and having a violet fluorescence. The ammonium salt of tho 
/3-acid serves very conveniently for its identification, and separation 
from the 3~aeid. The sodium salt of the ft acid crystallises in 
flat needles, which, when air-dried, contain 2 H »0 (as given by 
Forsling, Ben, 20, 77). The sodium salt of the d-acid crystallises 
in plates (according to Bayer, in needles). In regard to the 
crystalline forms of the free acids, it has already been mentioned 
that the a-acid crystallises in large tables, the 7 -acid in plates. 
The £-acid, from whatever source it was obtained, always formed 
very fine, voluminous needles (as stated by Bayer and others). When 
quite free from acid, it is tolerably soluble in water. Since the occur¬ 
rence of the S-acid together with the ft acid (whether obtained hj 
sulphonation at 100 ° or from the sulphonie acid of ftnaphthol) has 
: : hitherto 1 hot; been, suspected,/if appears probable that the ftackl has 
scarcely ever been obtained quite pure. That this is indeed the case 
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seems to be shown by the fact that the /3-acid is always described as 
crystallising in lustrous plates (which are even regarded as very 
characteristic), whereas I found that when obtained from the pure 
ammonium salt it invariably crystallises in compact prismatic needles. 
In order to prove that this difference of crystalline form is due to a 
trace of 6 -acid, a small quantity of 6 -acid was added to an alkaline 
solution of pure /bacid (needles): on precipitating from the hot 
solution with an acid, the whole then came out in silky plates. 


ft-Nap lithy laminesuIphonic Acids from ft-Naphtholsulphonic Acids. 

It is usually considered that two monosulphonic acids only are 
formed by sulphanating /3-naphthol under varying conditions, viz., 
Bayer’s acid and Schaffer’s acid; the former being the chief product 
at a low temperature, the latter at a high temperature. Considering 
the analogous reactions of hydroxy- and amido-compounds, it seemed 
to me probable that, corresponding to the behaviour of naphthyl- 
amine, /3-naphthol should give on sulphonation at a low temperature, 
a mixture of two ^-sulphonic acids (a and 7 ) which, by heating to a 
higher temperature, would be converted into two /3-sulphonic acids 
(ft and 6 ). The different behaviour of Schaffer’s acid, so called when 
obtained under different conditions, strengthened this assumption, 
and led me to attempt to prove the presence of another acid associ¬ 
ated with the /3-acid. The product taken for investigation was the 
/bnaphtholsulphonic acid, obtained according to Armstrong’s method, 
by heating molecular proportions of /3-naphthol and 100 per cent, 
sulphuric acid at 100°. The sulphonic acid so obtained is usually 
assumed to be identical with Schaffer’s acid. As the separation of the 
/ 3 -naphtholsulphonic acids is very difficult, whereas that of the /3-naph- 
thylaminesulpbonic acids is comparatively easy, the method which 
was employed consisted in converting the naphtholsulphonic acids 
into naphthy]aminesulphonic acids by treatment with ammonia, and 
separating these. 100 grams of / 3 -naphthol was heated with 
70 grams of 100 per cent. H a S0 4 for 2 or 3 hours at 100—105° till 
the reaction was complete, when the melt solidified to a hard mass of 
the sulphonic acids, This was dissolved in-water, neutralised with 
sodium carbonate (filtering from a little tar which remains insoluble) 
and the sodium salt precipitated with sodium chloride. Or else the 
hot solution was neutralised with ammonia, when the sparingly solu¬ 
ble salt crystallised out on cooling. The yield of the ammonium salt 
is about 110 grams. The conversion into / 3 -naphthylaminesulphonic 
acid w m performed by heating with aqueous ammonia under pressure 
,at ,250—280°, or bypassing dry gaseous ammonia over the dry sodium 
ii; ealt heated to ahout 280—290°. : The .product was precipitated witl) 
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sulphuric acid and submitted to a careful series of fractional preci¬ 
pitations, and crystallisations of tbe ammonium salt. By this means 
pure / 3 - and o-sulplionic acids were isolated from it, and bad all the 
properties previously described. Tbe / 3 -acid crystallised in prismatic 
needles, its ammonium salt in large, thin plates, and its sodium salt in 
flat needles. Tbe £-aeid crystallised in very fine matted needles, its 
ammonium salt in small plates, and its sodium salt in small plates. 
It is tlius proved that tbe / 3 -napbtbolsulpbonic acid, obtained by 
Armstrong’s method, is a mixture of tbe (3- and S-sulphonic acids, 
whose constitution is probably represented by the formulas— 

/VA OH H0 3 S /'V'N oh 

ho 3 s \y\J 

fl 5 

Whether tbe 7 -acid occurs along with the a-acid amongst the pro¬ 
ducts of tbe sulpbonation of /3-naphtbol at a low temperature, I have 
not yet been able to determine, but hope to be able to do so before 
long. 

In conclusion, I desire to express mj thanks to Messrs. Brooke, 
Simpson, and Spiller, in whose laboratory tbe above research was 
carried out. 


Y.— On EtJiyUo GinnamyIdiethacetate. 

By F. E. Matthews, Ph.D. 

Some time since I showed (Chem. Soc. Trans., 1883, 200) that a conden¬ 
sation product of ethylic diethacetoacebate with benzaldehyde could be 
obtained by tbe action of hydrochloric acid gas upon the mixture of 
the two substances. Tbe product was proved to have tbe constitution 
G 8 H 5 *OH: 0 H*0 O*0 ( C 2 H 5 yCOO 0 2 n 5 , or ethylic cinnamykllethaootato, 
but on account of tbe very poor yield of substance obtained, and the 
difficulty of purification, I was unable to do more with it than make 
analyses and obtain a bromine addition product. 

Since that time I have found a method by which the yield of the 
substance may be very considerably increased, and as at the same 
time it is much simpler and more convenient, I have been able tb 
prepare the substance in much larger quantities. In the previous 
process, the mixture of substances after saturation with hydrogen 
chloride was allowed to stand for a few days 5 it was then poured into 
ice-water, the separated oil washed with sodic hydrate, dried with 
calcium chloride, and fractioned in a vacuum. After some time, ■ the 
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portion boiling at 200—205° at a pressure of 3 mm. solidified. It 
was then recrystallised from light petroleum, and thus obtained pure. 

I have since found that, if instead of allowing the mixture satu- 
rated with gasdous hydrochloric acid to stand for four days only, it 
was allowed to remain for about a. month, and that during this period 
the mixture was two or three times more treated with hydrochloric 
acid gas at a temperature of 0°, after this time crystals began to form 
in the mixture, and continued growing till the whole became a solid 
mass, but containing a large amount of the mother-liquor. 

The crystals were collected in a funnel fitted with a platinum cone, 
and by means of a filter-pump, the mother-liquor was removed as far 
as possible, the latter was then again saturated with hydrochloric acid, 
when in a few days a further crop of crystals was produced. This 
process was repeated until no more benzaldehyde remained in the 
mixture. The various crops of the crystals were first drained on porous 
plates, and then dried by pressure between filter-paper and exposure 
to warm air. They were found to be free from chlorine, and they all 
melted between 100° and 102°. 

A portion was recrystallised from ether for analysis; after 
recrystallisation, it resembled in every way the ethylic cinnamyldieth- 
acetate previously prepared; it melted at 101—102°, and gave the 
following result on combustion :— 


I. 0*2023 gram of the substance gave 0*5469 gram C0 2 and 
0*1477 gram OH,. 

II. 0*2027 gram of the substance gave 0*5504 gram C0 2 and 
0*1463 gram OH 2 . 

Found. 


Calculated for ( - A -^ 

C 17 H 22 0 3 . I. II. 


C. 74*45 73*73 74*05 


H. 8*03 8*11 8*02 


Analysis I was made with the crude substance, II upon a portion 
that had been recrystallised. 

The substance is therefore even without recrystallisation almost 
pure ethylic cinnamyldiethacetate. 

An attempt was made to saponify some of the substance with caustic 
potash, but although a reaction took place it was not found easy to 
isolate the products. A small quantity of a potash salt was, however, 
obtained, and this yielded an acid which from its melting point 
appeared to be cinnamic acid, but the quantity was insufficient for 
an analysis. 

On substituting baryta for potash, saponification took place much 
more readily. Some of the substance was placed in a flask connected 
with a Liebig’s condenser, an excess of baryta-water was added, and 
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tlie mixture raised to tlie boiling point. The ether incited under the 
solution and a gradual deposition of barium carbonate was noticed,, 
at the same time an oil, somewhat resembling peppermint in odour, 
distilled over in small quantity; it was separated froth the water by 
means of ether, the ethereal solution dried, the ether distilled off, raid 
the residue allowed to stand for some time, when it partly solidified. 
The crystals were separated from the liquid, and were found to melt 
at 100°; the oil on analysis gave figures approximating to those 
required by tlie original substance. The distillate appears there lore 
to consist chiefly of the original substance, probably mixed with a 
small percentage of einnamyl diethylmethyl ketone. 

The residue in the flask after saponification was acidified with 
hydrochloric acid, when a dense white precipitate was produced, 
which, after purification by dissolving in sodium carbonate, repre¬ 
cipitating with hydrochloric acid, and subsequent crystallisation from 
dilute alcohol, melted at 132 : —133°, and possessed all the properties 
of cinnamic acid. It gave the following figures on analysis :~~ 

0T403 gram of the substance gave 0*3748 gram COg and 0*0740 
gram OH a . 

Theory for 

CglhOa. Found. 


C... 72**7 , 72*86 

H. 5*41 5*86 


The diethacetic acid remaining in solution was not isolated. 

The saponification of ethylic cinnamyldiethacetate by baric hydrate 
takes place chiefly according to the following equation 

2[C,H 5 *CH:CH*0O‘0(C 3 H 5 )./COO0,H 6 ] + 2BaHA = 

(C 6 H 8 ‘CH:CH-COO)aBa 4- [CH(CoH 6 VCOO] 2 Ba + 2G*HvOH* 

I have also tried to prepare the corresponding mon-ethyl compound 
in a similar manner, but after the mixture of ethylic othacetoacetatc 
and benzaldehyde saturated with hydrochloric acid had been standing 
for three months, no crystallisation was observable. This fact 
appears to confirm my previous observation that ethylic einnamyl- 
monoethylacetate is not crystalline at ordinary temperatures. 

'The corresponding reactions with ethylic dimethyl- and mono- 
methyl* acetoacetates have also been investigated, but in every case I 
have failed in obtaining any definite product. The reaction appears 
to be much more complicated than that with the corresponding ethyl 
compounds, the complication being probably caused by the sub¬ 
stituted methyl-groups in the substance also being capable of taking 
part in the condensation. 

Royal Indian Civil Engineering College, 

Coopers Hill, 





41 


VI.— The Action of Ammonia on some Tungsten Compounds. 

By Samuel Rideal, D.Sc. Loud., Bellow of University College, 

London. 

Wohler, in a paper “Leber Amidverbindnngen des Wolframs” 
(Annalen , 73, 190), described the results of the action of ammonia on 
tungstic anhydride and tungsten chloride. In the former case, he 
found that when tungstic anhydride was heated to dull redness in a 
stream of dry ammonia, it was converted into a black compound, 
whilst water condensed in the cool part of the tube. The compound 
at a higher temperature yielded metallic tungsten. The analysis 
gave results which varied between the numbers 87*65 and 88*47 for 
the percentage of tungsten present, and a nitrogen determination gave 
7*15 per cent. The compound also contained a small quantity of 
hydrogen, 0*2 per cent. From these data he concluded that the 
compound might be regarded as a mixture of nitride, amide, and 
oxide of tungsten, and he named the componnd tungsten nitretamid- 
oxide. The formula with the modern atomic weight for tungsten is 
4WH 2 ,W 3 (NH 2 ) 2> 2W0 2 = W 8 N 10 H 4 O 4 . 

The action of ammonia on tungsten chloride, however, gave a 
nitrogen componnd containing no oxygen. The percentage of 
tungsten in this varied between 86*76 and 90*80, and a determination 
of the percentage of nitrogen in the specimen containing the highest 
percentage of tungsten was found to be 8*24. From these results he 
concluded that two compounds were formed, represented by the for¬ 
mulas 2WN 2 + W(NH 2 ) 2 (W, per cent. 86*58) and 2WN + W(RH 2 ) 3 
(W, per cent. 90*44). The latter, it will be seen, is produced from the 
compound 2W1SF 2 ,W(UH 2 ) 2 by the removal of one molecule of nitro¬ 
gen, It could also be obtained by heating the former compound in a 
current of hydrogen, when ammonia was formed. It is to be noted 
that the theoretical percentage of nitrogen in the latter compound 
should be 8*92, and that Wohler obtained only 8*24 per cent. No 
determination of the amount o£ nitrogen or of hydrogen present in the 
former compound appears to have been made. In a later communi¬ 
cation ( Annalen , 105, 258) he records the fact that when, the chlorides 
of tungsten are heated with ammonium chloride similar black com¬ 
pounds are produced, which may be either the above-mentioned 
compounds or a nitride of the metal. Ho analyses of the compound 
^...prepared by this reaction are, given. ■ ; ■, 

T.; It...seemed of interest to ''compare, these : results: with, the : action. of 
/"vol. lv. , ■' '/'/' 1 ':,;i; ! ;/’ ; '' i'/ivy ' ■. ,/„/, '■ ■ 
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ammonia on tlie oxychlorides, and also to endeavour to obtain the 
compounds in a purer state. 

Hoscoets work on the tungsten-derivatives has given to chemists 
a means of preparing the oxychlorides of tungsten, and the present 
note is to record the results which were obtained by substituting 
these for the hexachloride and also a re-examination of some of the 
compounds obtained by Wohler. 

Action of Ammonia on Ignited Tungstic Anhydride . 

A current of dry ammonia was passed over a layer of tungstic 
anhydride heated to dull redness. Water condensed at the further 
end of the tube, and the pale yellow tungstic anhydride was converted 
into a black, amorphous product. After allowing the tube to cool, a 
current of dry air was drawn through it, to ensure tbe removal of 
any residual ammonia. 

The compound was analysed by ignition in air, until the black 
colour was entirely destroyed and the weight became constant. The 
addition of a few drops of nitric acid helped the final oxidation of the 
tungsten, which was then strongly heated in order to destroy any 
compound with nitric acid which might be formed. 

The results obtaining by noticing the decrease of weight in the 
tungstic anhydride after treatment with ammonia gave also a set of 
results which agreed with the determination of the percentage of 
tungsten obtained by the analysis of the compound. The mean of 
several experiments gave 85*26 for the percentage of tungsten in the*'*’ 
compound, a determination of the nitrogen by Dumas’ method showed 
that 0*3845 gram yielded 24*5 Ac. at 12*5° and 747 mm. 7*4 pet 
cent. IN. 



Theory. 

Found. 

Tungsten....... 

. 84-6 

85*26 

Nitrogen....... 

. 7*6 

7*4 

Hydrogen .. .. . 

. 0*27 

0*27 

Oxygen. 

. 7-3 

7*07 


The formula with which these numbers best agree is W 6 N 6 H 3 06, 
which indicates that the removal of the oxygen had not been so 
complete as in the experiments described by Wohler. 

The Action of Ammonium Chloride on Tungstic Anhydride* 

When tungstic anhydride is mixed with ammonium chloride, and 
the mixture heated in a hard glass tube or small crucible, a black 
product is formed. 1 After repeatedly reheating with fresh 
chloride the weight Becomes constant. Different preparations, how- 
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ever, vary in the amount of tungsten they contain between the limits 
S3'9 and 81*0, the average of several experiments being 82*4 per cent. 
The amount of nitrogen in these products is much smaller than in the 
compound formed by the action of the ammonia. ■ A compound con¬ 
taining 83*9 per cent, of tungsten having 6*7 per cent, of nitrogen, and 
that with 81*0 per cent, only 5*7 per cent, of nitrogen. 

Theory for 

Highest. Lowest. Mean. WN 2 ,W0 3 . 

Tungsten_ 83*9 81*0 82*4 82 *8 

Nitrogen.. .. 6*7 5*7 6*2 6*4 

It will be noticed that an increase in the percentage of tungsten is 
accompanied by a rise in the amount of nitrogen, as if the tungstic 
anhydride, W0 3 (W per cent. 79*3), was being converted into a nitride, 
say WN 2 , whose percentage composition is W = 86*8, 1ST = 13*2. 

The Action of Ammonia on Tungsten Oxychloride , W0 2 C1 2 . 

The oxychloride was prepared by Boscoe’s method, and the 
ammonia, carefully dried, was passed into the tube in which the 
oxychloride was condensed, so as to prevent decomposition by contact 
with the moisture in the air. The reaction takes place without the 
application of heat, and white fumes of ammonium chloride are 
formed in the further part of the tube. The product, which is semi¬ 
crystalline and of a dull, dark brown colour, was purified from 
ammonium chloride by gently heating the tube in a current of dry 
hydrogen. The analysis of several specimens prepared in this way 
yielded a percentage of tungsten varying between 84*5 and 85*6, with 
an average of 85*09. The product differed from the foregoing in not 
evolving ammonia on heating with soda-lime, and two determinations 
of the amount of nitrogen present only yielded a few cubic centi¬ 
metres of gas. It seems, therefore, that, in this case, the ammonia 
removes chlorine from the molecule, and leaves the dioxide (W per 
cent. == 85*18) in a semicrystalline form. This result was partially 
confirmed by observing that a permanent gas was formed during the 
reaction. 

It is interesting to note that the action of ammonia on this oxy¬ 
chloride of tungsten, W0 2 C1 2 , is similar to that which I have 
previously shown to take place when dry ammonia is allowed to act 
upon chromyl dichloride, Cr0 2 Cl 2 (Trans., 1886, 49, 367). 

Action of Ammonia on the Bed Oxychloride , WO Cl*. 

This compound, which, on account of its unstable character, was 
only prepared in small quantity, is also rapidly attacked by dry 

' ' ' ' ' 2 ; ' 
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ammonia in the cold. A small quantity (0*2318 gram) of the Hack 
compound formed gave 0*2066 gram tungstic anhydride, from which It 
is seen that 88*9 per cent, of tungsten is present in the product. 
This was the highest percentage of tungsten in any of the products 
examined. The quantity formed did not permit of a nitrogen deter¬ 
mination being made. If the remainder is chiefly nitrogen, it 
approaches in composition to a nitride of the formula WjjNa, in which 
the percentage of tungsten is 89*5. 

The Action of Ammonia on Tungsten Hexachloride . 

Dry ammonia rapidly attacks the hexachloride in the cold, yielding 
white fumes of ammonium chloride and a black powder having a 
semi-metallic lustre. The latter can be freed from ammonium 
chloride by washing with water. It is insoluble in nitric acid, dilute 
sulphuric acid, and soda. When fused with soda, it gave oil; ammonia 
and was converted into sodium tungstate. It is oxidised by aqua 
regia to tungstic acid. Strong hot sulphuric acid converts it into 
ammonia and tungstic acid. When heated in the air it glows, and is 
converted into yellow tungstic anhydride. The oxidation to tungstic 
anhydride in the air was sometimes accompanied by a slight smell, of 
ammonia, hut when the substance had been well washed with water, 
or heated in a current of dry hydrogen until all the ammonium 
chloride had been volatilised, it did not give off ammonia when 
heated in this way, The percentage of tungsten, as determined by 
the ignition of the black compound to tungstic anhydride in the air, 
gave results varying between 87*3 and 92*8 per cent. The average of 
all the determinations gave 90*05 for the percentage of tungsten. 
It will be noticed that the lowest result obtained was slightly higher 
than the lowest determination by Wohler, The decomposition of t he 
compound by hot and strong sulphuric acid suggested KjeidahPs 
method for estimating the nitrogen In this substance. Two deter¬ 
minations with different samples gave 10*57 for the amount of 
nitrogen present. 

These results agree with those required by tbe formula W 2 N 3 . 


Found. Calculated for "W 2 N 3 , 

Tungsten.. 90*05 89*8 

Nitrogen. 10*57 10*2 


The somewhat high result for the nitrogen constant may be due to 
the fact that the compound seems to have the property of condensing 
ammonia' upon its 1 surface, Wohler determined ■ the ' percentage'; of 
nitrogen in a specimen containing 90*8 per cent, of tungsten to be 
•8*24, md by assuming that hydrogen was also.preseht;''army^d\at' : the ;: ' 
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formula 2WN,W(NT[ 2 ) 2 . The amount of tungsten in other specimens 
was less than this, the minimum obtained by him being 86*76* To 
account for this low result, he assumed that the difference was due to 
an increase in the nitrogen to 12*8 per cent., and that a second com¬ 
pound of the composition 2WN 3 ,W(]Srno) 2 was therefore produced 
when the conditions were slightly modified* 

Finely divided metallic tungsten, after heating to redness in a 
current of dry hydrogen, underwent no alteration in weight when 
heated in a current of dry ammonia* No action was observed when 
dry ammonia gas was passed over the heated blue oxide. A black 
compound is produced when a solution of tungstic acid in aqneous 
ammonia is evaporated to dryness and the product gently heated in a 
covered crucible; water is given off, and the black crystalline pro¬ 
duct on heating in the air is converted into yellow crystalline tungstic 
anhydride. The acid salt is said to form the blue oxide on ignition 
in a closed vessel, but the compound does not appear to have been 
very carefully examined. 


VII .—The Action of Chromium Oxychloride on Pinene. 

By G. G. Henderson, B.Sc., M.A., Assistant to the Professor of 
Chemistry, University of Glasgow, and R. W. Smith. 

Etard, in studying the action of chromium oxychloride as an oxidis¬ 
ing agent (Ann. Chem . Phys . [5], 22, 218), found that some of the 
terpenes yield compounds with this substance, which, when treated 
with water, give corresponding camphoaldehydes, but he merely 
mentions the fact, and gives no description of the camphoaldehydes 
obtained. It seemed to ns of interest to examine these compounds 
more fully, and, for a commencement, we took pinene, the terpene 
boiling at 159—161°, which we obtained in a state of great purity. 

Chromium oxychloride attacks pinene with almost explosive 
violence, and, therefore, in order to moderate the action* we employed 
10 per cent, solutions of each substance in dry carbon bisulphide. The 
pinene solution was put into a flask connected with a reflux condenser, 
and kept epol by a stream of water, and the solution, of chromium 
oxychloride was added in small portions by means of a dropping 
funnel. After each addition of the chromium oxychloride, a 
voluminous dark-brown precipitate was formed, and quickly settled 
to the bottom of the flask. When all of the reagent had been added, 
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the flask was allowed to remain for some time, until the precipitate 
had settled; the carbon bisulphide was then filtered off as rapidly as 
possible by aid of the pump, the precipitate washed with dry carbon 
bisulphide, dried at a gentle heat, and put into dry, well-stoppered 
bottles. The solid compound thus obtained Is almost black when 
moist, but when dry it is of a light greyish-brown. When exposed to 
the air, it rapidly absorbs water and decomposes, and when heated to 
between 80° and 90° it loses 1 mol. of hydrogen chloride with slight 
explosion. 

Analysis of the compound gave the following results:— 

I. 0*3710 gram substance gave 0*3594 gram carbon dioxide = 
0*0980 gram carbon, and 0*1302 gram water = 0*0145 gram 
hydrogen. 

II. 0*530 gram substance gave 0*1780 gram Cr 2 0 3 = 0*1222 gram 
chromium. 

III. 0*485 gram substance gave 0*6128 gram silver chloride = 
0*1516 gram chlorine. 

Found. 




Calculated for 

f - 

-A- 

————^ 



CjoHjg^CrOsClg. 

I. 

II. 

III. 

Cl0« . . . 

120 

26*84 p. c. 

26*42 p. c. 

— 

— 

H»... 

16 

3*58 „ 

3*90 „ 

— 

— 

2Cr. .. 

105 

23*49 „ 

— 

23*05 p. c. 

— 

20,... 

64 

14-32 „ 

—. 

— 

— 

201j... 

142 

31-76 „ 

— 

— 

31*25 p. 


447 

100*00 





Pinene, therefore, like the other substances investigated by Efcard, 
forms with chromium oxychloride a solid compound which has the 
formula CioH I6 ,2CrOaCl3. When thrown into cold water, this is 
immediately decomposed with evolution of a considerable amount of 
heat, and a heavy oil of a brown colour separates, while the chromium 
salts go into solution. This oil was extracted by shaking up the 
solution with ether, and the ethereal solution thoroughly washed, 
first with dilute caustic soda, and finally with water, dried with 
potassic carbonate, and tbe ether then distilled off. In this way a 
transparent brown oil was obtained, with a strong but pleasant 
aromatic odour. In order to purify it, a portion of it was first shaken 
with a saturated solution of sodium bisulphite, but no crystalline 
compound was formed. We then attempted to distil a part of it, but 
found that it was entirely decomposed by heat; heavy white fumes, 
with a suffocating and most disagreeable odour were given off, and a 
black resinous'mass was' left in the flask. ''Another portion of the oil 
was distilled with steam, and although a considerable residue of 
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resinous matter was left in the retort, a fair quantity of the oil was 
obtained, now apparently pure. (In preparing a second supply of the 
oil, after decomposing the solid chromium oxychloride compound with 
water, we did not extract with ether, &c., but simply passed sulphur 
dioxide through the solution in order to reduce any chromic acid that 
might he present, and then distilled off the oil with steam and dried 
it over potassic carbonate.) The oil was now golden-yellow in colour 
and perfectly transparent, with the same pleasant odour as it had 
before distillation with steam. Its sp. gr. at 15° is T01S66. 

Analysis of the oil gave the following resnlts:— 


1. 0*1720 gram oil gave 0*4640 gram carbon dioxide = 0*1265 gram 
carbon, and 0*1602 gram water = 0*0178 gram hydrogen. 

II. 0*3075 gram oil gave 0*8298 gram carbon dioxide = 0*2263 gram 
carbon, and 0*2830 gram water = 0*0315 gram hydrogen, 

III. 0*2826 gram oil gave 0*0958 gram silver chloride = 0*0307 gram 
chlorine. 


Pound. 


Calculated for < - A -s 

C 20 H 33 OC1. I. II. III. 


C/ 20 - • 

.. 240 

73-95 p. c. 

73*51 p. c. 

73*59 p. c. 

— 

h 33 . 

.. 33 

10-16 „ 

10*34 „ 

10*22 „ 

— 

0 .. 

.. 16 

4-96 „ 

— 

— 

— 

01 .. 

,. 35-5 

10-93 „ 

— 

— 

10*86 p. c, 


424-5 

100-00 




The 

simplest formula that 

can be given 

to the oil 

is, therefore. 


C 20 H 33 OCI. We were surprised to find chlorine in it, having expected 
to obtain an oxy-compound, possibly an aldehyde, and we therefore 
heated the oil for some time with alcoholic potash, but without alter¬ 
ing its composition to any appreciable extent. Several analyses of 
the oil were made, both before and after distilling it with steam, but 
the results were in each case very close to those given above. It 
seems possible that the oil may be a mixture in equal proportions of 
CioH 18 0 and Ck>H 15 C1j but if this be so we were unable to separate it 
into two fractions. As stated above, it does not combine with sodic 
hydric sulphite. When heated with acetic chloride for some time, its 
colour becomes slightly darker, but it is otherwise unchanged, and it 
does not give any reaction either with hydroxy lamine or phenyl- 
hydrazine; it does not alter on exposure to the air. 

On attempting to distil the oil under ordinary atmospheric pressure, 
it is completely decomposed, but this is not the case when it is distilled 
under diminished pressure; the decomposition is then only partial. 
A small quantity of resinous matter is left in the flask, and an oil 
mixed with a little water comes over. The oil was dried, and again 
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distilled under diminished pressure, when it all came over between 
180° and 185°. In appearance this oil is very similar to the one pre¬ 
viously described *, its odour is almost the same, and it behaves in the 
same way with alcoholic potash, sodium hydrogen sulphite, acetic 
chloride, and phenylhydrazine; its sp. gr., however, is rather less, being 
0*97407 at 15°, and its composition is quite different, as is seen by 
the following analyses :— 

I. 0*2110 gram oil gave 0*6405 gram C0 2 = 0*1648 gram G, and 
0*1970 gram H 2 0 = 0*0219 gram H. 

II. 0*2525 gram 'oil gave 0*7225 gram CC 2 = 0*1970 gram C, and 
0*2340 gram H 2 0 = 0*0260 gram H. 

HI. 0*3705 gram oil gave 0*1697 gram AgCl = 0*0420 gram CL 


Round. 


Calculated for 




C W H S1 CL 

L 

ii. 

. III. 

Czo- • • 

. 240*0 

78-33 p. c. 

78*13 p. c. 

78-04 p.c. 


H :)I ... 

. 31*0 

10-11 „ 

10*37 „ 

10-29 „ 

— 

Cl... 

. 35*5 

11-56 „ 

— 

— 

11*34 p. c, 


306-5 

100-00 





The simplest formula of this second oil is therefore and it 

is formed from the first on distillation by loss of 1 mol. H 2 Q, 

O S0 H 33 OOl = C 20 H 31 C1 4- H 2 0. 

This oil may also be a mixture of C 10 H i6 and CjoHnCl in equal pro¬ 
portions, but we again failed to split it up into any fractions. 

We intend to prepare larger quantities of these oils, in order to 
examine them more closely, the results of our work being so different 
from what we expected. 


VIII .—On Thionyl Thiocyanate . 

By G. C. McMurtry, Student in the Formal Schools of Science, 
South Kensington. 

Thionyl chloride acts with great violence on mercuric thiocyanate. 
When the two substances are brought together the rise of temperature 
is sufficient to bring about the total decomposition of the mercuric 
salt. By mixing the thionyl chloride with carbon bisulphide, the 
reaction becomes more manageable, and .results in .thei.forni^tio^ '.<>£■. 
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thionyl thiocyanate and mercuric chloride. Lead and silver thio¬ 
cyanates are similarly acted upon by thienyl chloride, although with 
much less violence. 

The best method of preparing the new compound is to allow the 
mixture of thionyl chloride and carbon bisulphide to act on excess of 
mercuric thiocyanate in a closed flask at the ordinary temperature. 
After standing for a few days, the liquid is decanted from the partially 
altered mercury salt, and allowed to evaporate in a vacuum. On 
washing the residue with hot benzene, and afterwards with ether, 
thionyl thiocyanate is left as an orange-coloured, amorphous powder. 

' It was analysed with the following results :— 

L 0*2394 gram treated by Carius’s method yielded 1*0154 gram 
barium sulphate. 

II. 0*0958 gram mixed with copper oxide and heated in a vacuum 
gave 22*32 c.c. nitrogen at 481 mm. pressure, and at 16*5° C. 
No nitric oxide was present. 

III. 0*2002 gram heated with copper oxide and lead chromate gave 
0*1110 carbon dioxide. 

These results are in sufficiently close accordance with the numbers 
demanded by the formula SO(SON) 2 , 


Found. Calculated. 

S. 58*26 58*53 

N. 17*46 17*07 

C . 15*11 14*63 


Thionyl thiocyanate is an extremely stable substance. It is prac¬ 
tically insoluble in cold water, and but slightly soluble in hot water. 
Hydrochloric acid even on boiling has no action on it ; sulphuric acid 
in the cold does not attack it; it is, however, completely decomposed 
by hot oil of vitriol, with the evolution of sulphur dioxide and the 
precipitation of sulphur. It is but slightly soluble in ammonia; it 
is dissolved by hot benzene and by carbon bisulphide, but is quite 
insoluble in alcohol, ether, petroleum, phenol, chloroform, amyl 
alcohol, and acetic acid. 
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IX. —On Mercuric Chlorothiocyanate , 

By Gr. C. McMubtry, Student in the Normal Schools of Science, 
South Kensington. 

On treating the residue of mercurial salts obtained by the action of 
thienyl chloride on mercuric thiocyanate (see preceding paper) with 
hot water, the clear solution deposited crystals of a compound which 
analysis showed to be mercuric chlorothiocyanate . This salt, which does 
not appear to have been previously prepared, may be readily obtained 
by treating a mixture of 5 parts of mercuric thiocyanate and 7 parts of 
mercuric chloride with boiling water, and allowing the clear solution 
to stand. The substance was analysed with the following results :— 

I. 0*4066 gram dissolved in dilute alcohol, mixed with hydro- 

chloric acid, and treated with sulphuretted hydrogen, gave 
0*3209 gram mercuric sulphide. 

II. 0*3786 gram heated with, copper oxide in a vacuum gave 

22*32 c.c. of a mixture of nitrogen and nitric oxide, measured 
dry at 14*5° and 534 mm. pressure. After absorption of the 
nitric oxide there remained 22*32 c.c. of nitrogen at 14*5° 
and 485 mm. pressure, 

III. 0*2272 gram heated with copper oxide and lead chromate gave 

0*0332 gram carbon dioxide. 

IV. 0*3731 gram treated by Carius’s method gave 0*3010 gram 

barium sulphate. 

These numbers lead to results which accord with the formula 
Hg<jf s or HgCVHg(CSN),. 


Found, Calculated. 

Mercury.- 67*99 68*12 

Nitrogen. 4*71 1 4*77 

Carbon. 4*46 4*09 

Sulphur, .... 11*08 10*90 


Mercuric chlorothiocyanate is only sparingly soluble in cold water, 
'but readily in hot water and in alcohol; it is also • slightly soluble in 
eb^ter, When heated on platinum foil, it intumesces in much the 
samp way as mercuric thiocyanate. Its crystalline characters were 
kindly examined by Mr. Miers, who reports as follows:— 

“ Slender prisms having a prism angle of 711°; one fairly perfect 
cleavage (c) equally inclined to two prism faces which form the acute 
edge of the prism, and at an angle of 42 J° to that edge; an impei'fect, 
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cleavage ( 7 ) equally inclined to the same two prism faces, and inclined 
at a smaller angle to that edge in the opposite direction. 

System probably monosymmetric. 

= 71° 10'. 
cm 1 = 64° 8 O'. 

If c is the basal plane, OP = (001), 
and m is the prism OOP = (110). 

Then a : b = 2*076 : 1. 


u One optic axis is visible through a cleavage plate, and is not very 
far from perpendicular to c. A cross section at right angles to the 
prism shows only one axis. Plane of the optic axes is parallel to the 
plane of symmetry ( 010 ).” 



X.— Some Derivatives and New Colouring Matters obtained from 
a-Pyrocresole. 

By William Bott, PhJ)., Berkeley Bellow of Owens College, and 
J. Bruce Miller, A.I.C., Owens College. 

The authors have been investigating the reactions of a-pyroeresole 
and its derivatives, with a view of definitely ascertaining its consti¬ 
tution, and expect shortly to be able to publish their results. In the 
meantime it seemed worth while to describe a number of new 
derivatives which have been obtained, and whose preparation is not 
directly connected with the main research, as yet uncompleted. 
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Trichlor-a-Pyrocresole , C^HuCbO. 

This compound was obtained by the protracted action of chlorine 
on solutions of <%-pyrocresole in chloroform or carbon tetrachloride, 
and repeatedly re crystallising the product from boiling benzene. It 
forms a white, bulky mass consisting of slender, silky needles, which 
under the microscope are resolved into characteristic aggregates of 
thin, transparent, flat prisms or bars. The compound is insoluble in 
water, alcohol, ether, and acetic acid, but soluble in chloroform, and 
still more so in boiling benzene. Its melting point is very high, but 
cannot be determined with precision, as the substance, although quite 
pure, melts only gradually, first showing signs of melting about 225°. 
The following numbers were obtained on analysis :— 


Combustion. 

I. 0*198 gram substance gave 0*418 gram C0 2 and 0*0625 gram 
H 2 0. 

II. 0*268 gram substance gave 0*561 gram C0 2 and 0*0775 gram 
H a O. 

Chlorine Determination. 

I, 0*1995 gram substance gave 0*2796 gram AgCl. 


Calculated for 
C 15 H u C1 3 0. 


Found. 



C. 57*41 p. c. 57*30 57*83 

H. 3*50 „ ' 3*43 3*21 

Cl. 33*98 „ 34*62 — 


O (by difference). 5*11 „ 5*11 5*11 


p. c, 

5 » 

11 

11 


It will be seen that in both analyses the carbon found is too high 
and the hydrogen too low, this discrepancy being accounted for by 
traces of chlorine, that is of hydrogen chloride, having found their way 
into the potash bulbs during combustion. The chlorine in the sub¬ 
stance cannot be readily determined by Carius’ method, as the 
compound is not always completely decomposed by nitric acid; the 
chlorine, therefore, was estimated by heating with pure lime. 


Dinitro-a-Pyrocresole Oxide , C 15 H 10 (]N(\) 2 O2, 

In a former paper, the three tetranitro-derivatives of the pyrocresol.es 
have been described, no other nitro-compounds being known. We 
'have lately obtained the first Intermediate nitro-deiivative, panaely, 
dinitro-a-pyrocresole oxide, and are now trying,to obtain 
spending compounds' from /I- and 7 -pyrocresole. The ^-derivative 
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"was prepared by adding ^-pyrocresole oxide to cold, concentrated 
nitric acid, in small portions at a time, until a dark, reddish-brown 
solution was obtained. Upon the addition of water, a yellowish 
precipitate was thrown down consisting of a mixture of the dinitro- 
product with unaltered oxide. The latter was removed by extraction 
with boiling alcohol, and the residue recrystallised from glacial acetic 
acid or nitrobenzene. Tbe pure substance forms yellowish-white 
crystals, which are very slightly soluble in hot water, slightly soluble 
in alcohol, a little more so in glacial acetic acid, and freely in hot 
nitrobenzene. They melt at about 235° with very slight decomposi¬ 
tion, and when heated more strongly decompose, but do not burn 
with a flash like the tetra-nitro-compound. On analysis the com¬ 
pound gave the following numbers:— 

0T92 gram substance gave 0*4075 gram C0 2 and 0*008 gram H 2 0. 


0*195 „ „ 15*6 c.c. moist bT at 15° and 748*5 mm. 

Calculated for 

C 15 H l0 (NO 2 ) 2 O 2 . Found. 

0 . 57*32 p. c. 57*88 p. c. 

H. 3*18 „ 3*64 „ 

O ... 30*57 „ (calc.) 30*57 „ 

N ... 8*92 „ ‘ 9*22 „ 


Reduction of the Nitro-compounds. 

The formation of amido- and other reduction-products has already 
been observed by W. Bott a considerable time ago, but we have only 
recently begun a closer study of the action of alkaline and acid 
reducing agents on the nitro-derivatives of the pyrocresoles. The 
results so far obtained open out a wide field of investigation, and 
comprise the beginnings of a new series of colouring matters, which 
probably differ essentially in composition and structure from the azo- 
colours already known. The compounds of cc-pyroeresole only have 
thus far been examined. 

Teiramido-oc-Pyrocresole Oxide , Oi 6 H 8 (h7H 2 ) 4 0 2 . 

This compound has been obtained by the reducing action of tin on 
the corresponding nitro-derivative suspended in a mixture of strong 
hydrochloric and glacial acetic acid. The reaction is hastened by 
working under pressure. The amido-derivative is also formed by 
means of zinc-dust and acetic acid, hydriodic acid, and similar reduc¬ 
ing agents in acid solution, but tin answers the purpose best. After 
complete reduction, the brownish-yellow solution is evaporated to 
expel excess of acid, the tin removed by sulphuretted hydrogen, and 
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tiie filtrate made slightly alkaline with caustic soda or ammonia, 
which precipitates the amido-eompound as a greenish-yellow mass. 
This is well washed with water, and may be further purified by redis¬ 
solving it in dilute hydrochloric acid, passing sulphuretted hydrogen 
to remove traces of tin which obstinately adhere to it, and reprecipi¬ 
tating the base with alkalis. It is not necessary to recrystallise the 
compound from alcohol, in which, moreover, it is not readily soluble. 
Tetramido-a-pyrocresole oxide thus prepared forms a greenish-yellow 
powder, sparingly soluble in alcohol and ether, and almost insoluble 
in benzene. It is soluble in acids, and the solutions give a dark red¬ 
dish-brown coloration with sodium hypochlorite. The melting point 
appears to lie considerably above 300°, but has not yet been accurately 
ascertained. 

0*140 gram substance gave 23*5 c.c. moist NT at 12°, and 750 mm. 
bar. 

Calculated for 

C 15 H 8 (NH 2 ) 4 0 2 . Round. 

N. . 1971 p. c. 19*55 p. c. 

Dianiido-oi-Pyrocresole Oxide , Ci S Hio(NH 2 ) 2 0 2 . 

This substance is obtained from the new dinitro-compound in the 
same manner as the previous derivative. Its properties have not yet 
been closely examined, but in appearance and solubility it greatly 
resembles the tetramido-compound. 

0*161 substance gave 16 c.c. moist N at 16° and 761 mm. bar. 

Calculated for 

C 15 H 10 (NH 2 ) 2 O 2 . Round. 

F. 11*02 p. C. 11*40 p. C. 

Azo-derivatives of a-Pyrocresole Oxide . 

Both the tetra- and di-amido-derivatives of a-pyrocresole oxide can 
be diazotised in dilute acid solutions in the ordinary manner. It will, 
in all probability, be impossible to isolate the diazo-salts from those 
solutions, on account of the unstable character peculiar to these sub¬ 
stances, but from the examination of some more stable derivatives, 
their composition, that is the number of diazo-groups present, may, 
we hope, be deduced. The solutions of these diazo-salts react in the 
well-known manner with phenols, giving rise to the formation,'of 
oxyazo-compounds. This reaction takes place most readily with 
alkaline solutions of /Lnaphthol, and the compounds thus formed 
represent the first colouring matters obtained from pyrocresoles. 

If a diazotised solution of tetramido~#-pyrocresol© oxide as; added 





NEW COLOURING MATTERS FROM a-PYROCRESOLE. 


55 


to an alkaline solution of /3-naphthol, a bright-red precipitate is 
immediately thrown down, consisting of the oxyazo-compound. 
After washing with cold water, and drying on a water-bath, it forms 
a dark-red powder, insoluble in water, but soluble in alcohol, ether, 
chloroform, and benzene. With concentrated sulphuric acid, it 
gives a beautiful and characteristic reaction, dissolving in the strong 
acid with a dark-green colour, which on gradual dilution with water 
changes to red, the colouring matter being reprecipitated in red 
flakes. This reaction somewhat resembles the test given by safranine, 
which also dissolves in concentrated sulphuric acid with a green 
colour. With safranine, the green colour is, however, readily dis¬ 
charged by a drop of strong nitric acid, which in the case of the new 
colouring matter changes the colour from green to purple, but does 
not discharge it. By means of fuming acid containing 30 to 60 per 
cent, of S0 3 , the colouring matter can be sulphonated and obtained 
in solution. It dyes silk and wool a fine maroon shade. 

By the action of diazotised solutions of diamido-a-pyrocresole 
oxide on alkaline solutions of /3-naphthol, a red colouring matter is 
formed resembling the previous compound in all respects, but pos¬ 
sessing a brighter and finer shade. Like the preceding compound it 
gives a highly characteristic test with strong sulphuric acid, and 
yields soluble sulphonic acids suited for dyeing purposes. It imparts 
to silk and wool a bright salmon colour. 

By the action of the diazo-salts on an alkaline solution of 
'a-naphthol, a brownish colouring matter is formed, which dissolves in 
strong sulphuric acid, with a beautiful dark-blue colour, and is repre¬ 
cipitated by water. The closer examination of the above colours is 
being proceeded with, and we shall extend the reaction to other mono¬ 
phenols, and to the meta-series of the diphenols and amidophenols. 

Regarding the composition of these new colouring matters, we can 
at present only conclude from their mode of formation that they are 
oxyazo* compounds or trapsed ins, but the number of azo-groups con¬ 
tained in their molecules remains to be ascertained by a careful esti¬ 
mation of the nitrogen in the purified products. We shall then also 
be able to deduce the formulas of the diazo-compounds originally 
present in solution. 

The action of reducing agents in alkaline solution on the nifcro- 
derivatives of ^-pyrocresole oxide gives rise to the formation of azo¬ 
compounds, and also of small quantities of amido-products. The 
reaction with ammonium sulphide is particularly interesting. If a 
small quantity of tetranitro-a-pyrocresole oxide is heated with alcohol 
and a few drops of ammonium sulphide, the supernatant liquid 
assumes a reddish-brown colour, and on the addition of hydrochloric 
acid and warming, a red precipitate is thrown down, insoluble in water 
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but soluble in chloroform, ether, benzene, and acetone, with a reddish - 
violet colour. It is practically insoluble in carbon bisulphide, and 
may thus be separated from any admixture of sulphur. It dissolves 
in concentrated sulphuric acid, yielding a yellow solution, and is re¬ 
precipitated by water in dark-red Rakes. If in the above experiments 
the action of the ammonium sulphide is allowed to continue for some 
time, the solution with hydrochloric acid no longer yields a red 
colour ; on diluting with water, a yellow precipitate is formed, soluble 
in alcohol, ether, and chloroform, but almost insoluble in benzene. 
It is very sparingly soluble in cold water, a little more so in hot water, 
the solution dyeing silk a bright-yellow shade. 

As the red and yellow substances have only been, prepared quite 
recently, we have not had time to study them more closely. From 
the manner in which they are produced it appears probable, however, 
that the red substance is an azoxy- or oxyazo-derivative, whilst the 
yellow substance is derived from it by reduction. 

The probable constitution of the derivatives described in this com¬ 
munication will he discussed in our next paper on the structure of 
a-pyrocresole. 


XI .—Some Metallic Derivatives of Halogen Nitrojplie?iol $. 

By Aethtje B. Ling. 

Having, in my experiments with the nitrohalogen-derivatives of 
phenol, obtained some metallic salts -which have not, so far as I am 
aware, been described, and which appear to be in themselves of some 
little interest, I have deemed it advisable to publish a description of 
the same. Although I do not claim to have obtained results of any 
theoretical importance, it must be granted that any addition to our 
knowledge of this most interesting class of compounds cannot be 
without some value. 

Bromination of OrthochloroparardtropheyioL 

The orthochloroparanitrophenol obtained by chlorinating paranitro- 
phenol in acetic acid solution, was separated from the small quantity 
of dichloroparanitrophenol formed at the same time by converting R 
into the barium salt and crystallising from water. On decomposing 
the aqueous solution of this salt, [C 6 H3Cl(X0 3 )*0],Ba,7H a 0, with 
dilute hydrochloric acid, and subsequent crystallisation of the colour- 



OP HALOGEN NITROPHENOLS. 


57 


less chloronitrophenol from a large bulk of hot water, it was obtained 
in long, white, satiny needles melting at 110°, as stated by other 
observers. 

The pure compound was dissolved in glacial acetic acid, and treated 
with the theoretical quantity of bromine (1 mol.) in the usual way, 
after which the solution was poured into water, and the precipitated 
chlorobromo-derivative converted into the potassium salt, which 
crystallises from water in golden-yellow needles. On decomposing 
the latter with dilute hydrochloric acid and crystallising the resulting 
compound from boiling water (in which it is but sparingly soluble), 
it was obtained in colourless crystals, resembling in appearance 
dichloro- and dibromo-paranitrophenol, and melting sharply with 
instantaneous decomposition at 137°. A specimen of the pure com¬ 
pound dried at 100° gave the following result on analysis :— 

0*4497 gram gave 0*5890 gram AgCl,AgBr. 

Theory. 

C 6 H 2 ClBr(N0 2 ) *011. Pound. 

. 45*74 per cent. 45*72 per cent. 

Potassium chlorobromoparanitrophenol forms long, golden-yellow 
needles, which contain 1 mol. H>0, and are moderately soluble in 
cold water, easily in hot. It is thus analogous in composition to 
potassium dichloroparanitrophenol (Kollrepp, Amialen , 234, 8), 
Analysis of an air-dried specimen gave the following results :— 

0*3639 gram lost 0*0211 gram at 100—120°, and gave 0*1036 gram 

K3SO4. 

Theory. 

C 6 H 2 ClBr(N0 2 >0K,H 2 D. Pound. 


H 2 0 . 5*83 per cent. 5*79 per cent. 

K. 12*64 „ 12*74 „ 


Calcium chlorohromoparanitroplienol appears to resemble calcium 
dichloroparanitrophenol (Armstrong, this Journal, 1871, 1117); thus 
it crystallises in long, yellow, glistening needles containing 9 mols. H a O, 
but the following difference is to be noted: the dichloro-deriva- 
tive is completely dehydrated at 160°, whilst the chlorobromo-sa t 
requires heating to 210°. On exposing the above to the air, the 
needles soon effloresce, and become somewhat darker in colour and 
dull in appearance. After, however, losing 2 mols. H 2 0, the hydrate 
[06H301Br(¥0^)-0]20a,7H s O appeared to remain perfectly constant. 
This efflorescence takes place so quickly that it was found advisable 
to make the analytical determinations as soon after the salt had been 
dried between filter-paper as possible, 
vol. lv. . b" / .. ..., . : ; ; v- 
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I. 0'2556 gram lost 0'0586 gram at 210° and gave 00488 gram 
CaS0 4 . 

II. 05099 gram lost 01190 gram at 210° and gave 0‘0960 gram 
CaSCXj. 

Found. 

Theory. f -—--^ 

[CgTIoCl Br (N 0 2 ) •0] 2 Ca,9H‘ 2 0. I. II. 


HoO........ 22*98 p. c. 22*92 p. c. 23*33 p, c. 

Ca. 5*67 „ 5*59 „ 5*53 „ 


It may be stated that in ail cases in which duplicate determinations 
are given, they have been taken from different preparations. The 
effloresced salt gave the following numbers :— 

I. 0*2543 gram lost 0*0480 gram at 210° and gave 0*0506 gram 
CaS0 4 . 

II. 0*2983 gram gave 0*0592 gram CaS0 4 . 

Found. 

Theorv. f - A --^ 

[ C r H 2 C3 Br (NO) 2 * 0] 3 Ca,7H a 0. I. II. 


FLO. 18*83 p. o. 18*87 p. c. 

Ca. 5*97 „ 5*85 „ 5*83 p. c. 


If, instead of allowing the supersaturated solution of the above salt 
in water to cool to the temperature of the room, it is kept at about 
70°, the salt separates in an entirely different form, namely, in dark- 
yellow, rhombic plates, which appear to contain 4 inois. 1:1/). 
The analytical results were as follows :— 

I. 0*2557 gram lost 0*0301 gram at 210°, and gave 0*0557 0aS0 4 , 
II. 0*2763 gram gave 0*0606 gram CaS0 4 . 

Found, 

Theory. ' r -- A ~~-^ 

[OflHgClB r (N Qo) • 0 ] 3 Ca,4H 3 0. I. II. 


ll>() . 11*70 p. c. 11*77 p. c. — 

Ca.-. 6*50 „ 6*41 „ 6*44 p, c, 


I am not aware that a calcium salt, analogous to the above, has yet 
been described. 

Barium chlorobromopamnitrophenol forms long, canary-yellow 
glistening needles, and is similar in composition to barium dibromo- 
paranitrophenol [C 6 H«Br 3 (N0 3 )• O] 3 Ba, 10H 2 O, Brunck (Zeit., 1867, 
204). Analysis;— 

I. 0*2676 gram lost 0*0586 gram at 200°, and gave 0*0758 gram 
BaSCV • 1 ' 

II. 0*3558 gram gave 0*1024 gram BaSCV 
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Theory. 

[C 6 H s ClBr (NO.,) • 6] 3 Ba,10H 3 0 

H 3 0. . 21*97 p. c. 

Ba. 16*70 „ 

Bt'unck mentions (he, cit.) that when the compound, 

[ OfiH 2 Br 2 (1ST 0 2 ) * 0 ] 2 Ba,10H 3 O, 

before alluded to, is placed over concentrated sulphuric acid in a 
desiccator, it dries up to a red powder, but it was afterwards shown 
by Post (. Annalen , 205, 94) that the form of the crystals remains 
unaltered, and that the change of colour from yellow to red is accom¬ 
panied by the loss of 6| mols. HA the red needles having the com¬ 
position [C 6 H 2 Br 2 (hr0 2 )*0] 3 Ba,3-|H 3 0. I may mention that I have 
described an analogous red barium salt of dichloroparanitrophenol 
(Trans., 1887, 786). When the last-described yellow salt of chloro- 
bromoparanitrophenol is allowed to remain over sulphuric acid for 
several hours, a precisely similar change takes place, for example,— 

I. 0'4754 gram yellow salt lost 0*0691 gram in 64 hours, and 
changed in colour to red. 

II. 0*6351 gram lost 0*0904 gram in 60 hours. 


Found. 



21*90 p, c. — 

16*62 ,, 16*91 p. c. 


Theory. 

[C 6 H 2 01Br(N0o)«0] 2 Ba 5 31H £ ,0 + 6|Aq. 
il 3 0. 14*26 p. c. 


Found. 



14*53 p. c. 14*23 p. c. 


The following numbers were also obtained on analysing the red 
salt:— 

I. 0*2331 gram lost 0*0214 gram at 200°, and gave 0*0765 gram 
BaS0 4 , 

II. 0*2318 gram gave 0*0773 gram BaS0 4 . 

Found. 

Theory. -*- 

[C 6 H 2 ClBr(]S'0 2 )-b] 2 Ba J 3III 2 0. I. II. 

8*96 p. c. ' 9*18 p.c. — 

' Ba.. , 19*48 „ 19*30 „ 19*58 p. c. 

A red salt, probably identical with the above, was deposited from 
supersaturated aqueous solutions of barium chlorobromoparanitro- 
phenol, if the temperature was kept at about 70°; but after the 
needles had been dried between filter-paper, they were, in every 
experiment tried, found to be partially converted info a yellow salt, 
and so were not further examined. 


f 2 
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Calcium Parachlorotliobromorihonitrophenol . 

This salt has already been described by me (Trans., 1887, 780) as 
crystallising in orange-red glistening scales, containing 2|- mots. 11.0, 
but I find that my analytical numbers were wrongly calculated, and 
as another specimen, lately prepared, does not agree with the above 
description, I have re-examined the compound. It forms small 
glistening plates of a dark red colour, in fact, it is of quite as dark 
a colour as the isomeric compound containing 7H 2 0 (loo, oil. , 791), 
It, however, becomes much lighter in colour on losing its water of 
crystallisation (orange when anhydrous), a fact which would seem to 
indicate that the specimen previously examined was partially de¬ 
hydrated. It appears to be generally characteristic of these calcium 
salts that they retain some of their water of crystallisation at high 
temperatures. In the paper before referred to, it was shown that, in 
order to completely dehydrate calcium orthochloroparabromorfcho- 
nitrophenol, it was necessary to heat it for a considerable time at 
250°. When I first re-examined the salt under consideration, I con¬ 
cluded that it contained 3 mols. H s O, as the following analysis 
seemed to indicate:— 

0*2715 gram lost 0*0244 gram at 100—125°, and gave 0*0602 gram 


CaS0 4 . 

Theory. 



[CgHoCIBr (N0 3 ) *0] 2 Ca,3H 2 0. 

Found. 

h 2 o. 


8*98 per cent. 

Ca.. 

. 6-70 „ 

6-51 „ 


On heating another specimen, however, at 200°, till its weight 
remained constant, I found that a further loss occurred, and, con¬ 
firmed as the result is, to a certain extent, by the halogen detenu illa¬ 
tion, there is little doubt that the salt in reality contains 4 mols, H 2 0; 
for example:— 

I. 0*2911 *gram lost 0*0338 gram at 200° and gave 0*0654 gram Ca 

S0 4 . , 

II. 0*3634 ; gram gave 0*3850 gram AgCl,AgBr. 


Theory. 

[C^ELOlBr (N 0 2 ) * O] 2 0a,4H 2 O. 


■HA.y...... 11-70 p.c. 

Ca s.'S..,.. ,, 6*50 „ 
Cl 1 V : ■ 

Br j-v- 


37-56 


Found. 


I. 

3.1-61 p. c. 
6-49 „ 


n. 


36*99; jjyicv 
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Calcium Dich lorortlionitrop henol. 

This is deposited from its hot aqueous solution in orange, fibrous 
needles, which are sparingly soluble in boiling water. Analysis :— 

0'1537 gram dried at 100° gave 0*0443 gram CaSO*. 

Theory. 

[C 6 H 2 C1 2 (N0 2 ) *0]. 2 Ca,H 2 0. Found. 

Ca. 8*47 per cent. 8*45 per cent. 


If a saturated solution of the above salt be left over sulphuric acid 
to evaporate slowly, it will be obtained in small dark-red needles and 
plates which probably contain 4 mols. H 2 0. When heated at 135°, 
they were found to lose 10*67 per cent, of them weight, which agrees 
with the theory for 3 mols. H>0; the calcium determination is, how¬ 
ever, nearer that demanded for 4H 2 0. 

0*2566 gram gave 0*0664 CaSCh. 

Theory. 

[C G H 2 CL(N0 2 )*0] 2 Ca,4n 2 0. Found. 

Ca. 7*60 per cent. 7*60 per cent. 

This salt could not be further examined, as I had no more at my 
disposal. 


Calcium Dibromorthonitrojphenol. 

This forms red scales containing 7H 2 0, and is analogous, therefore, 
to calcium orthochloroparabromorthonitrophenol. It is impossible to 
remove all the water of crystallisation from the above below the 
temperature at which it decomposes. 

I. 0*2352 gram gave 0*0423 gram CaSCV 

II. 0*3065 „ 0*0541 „ CaSO*. 

III. 0*2190 „ 0*2178 „ AgBr. 


Theory. 

[0 6 H 2 Br 2 (N0 2 ) •0] 3 Ca,7H 2 0. 
Ca.... 5*28 p, c. 

Br..... 42*21 „ 


Found. 

------^ 

l. II. III. 

5*27 p. c. 5*18 p. c. — 

— ■ — ■ 42*41 p. c. 


Calcium Parabrom ort h ioclorthomirojp h enol. 

Farabromorthiodorthonitrophenol was first described by Korner 
(Jahrh'i 1867,' ,647), according to whom it melts at 104*2°, and next 
by Groth (Jakrk, 1877, 549), who states that the crystals are 
biwnish»yellow;and;melt ; at l '102, 1? '. : ; he gives measurements of; them. 
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This compound was prepared by me by iodising parabromortho- 
nitrophenol, m. p. S8°, in alcoholic solution with iodine and mercuric 
oxide. After purification by means of its potassium salt, and sub¬ 
sequent decomposition of the latter and crystallisation from, alcohol, 
it was obtained in yellow scales of a somewhat dirty appearance 
melting at 104°. The calcium salt forms dark-red plates containing 
4 mols. HoO. Analysis :— 

I. 0*2295 gram lost 0*0204 gram at 190° and gave 0*0397 grain 

OaSOl 

II. 0*3441 gram gave 0*3652 gram Ag(Br,I). 



Theory. 

Found. 

r — ' p 


[C B H 2 BrI (NO.) • 0] 2 Ca,4H 2 0. 

I. 11. 

H,0. 


8*89 p. c. — 

Ca.. 

. 5'02 „ 

5*09 „ — 

?} 

. 51-82 „ 

— 51*93 p. c* 


Of the foregoing calcium salts of orthonitrophenol-derivatives, it is 
to be remarked that they all pass from a red to an orange colour with 
the loss of their water of crystallisation ; this is at variance with 
the observations of Carnelley and Alexander, wbo state (Proe., 1.888, 
64) that in the metallic derivatives of the nitrophenols the colour 
passes towards the red end of the spectrum as the water of crystalli¬ 
sation diminishes. It is also noteworthy that calcium dichlorortho- 
nitrophenol has less tendency to unite with water than the other 
calcium dihalogen orthonitrophenol-derivatives; for example, the 
monohydrate (an orange salt) is formed with ease, whilst the red salt 
containing 4 mols. FLO is only obtained by slowly evaporating the 
solution over concentrated sulphuric acid. 

As regards the colour of the salts of the nitrophenols, it is to bo 
observed that those from the alkali metals, potassium and sodium, &c., 
of derivatives of orthonitro phenol are red, whilst those of para- 
nitrophenol are yellow; also that those of ortho-orthodinitroplienol 
and its derivatives are red, and those of orthoparadinitropheno 1 are 
yellow. In a paper by Editing and Pick, published in a recent 
number of the BericMe (21, 3158—3160), two isomeric dinitro- 
xylenols, from ortho-xylene, are described; one melting at 127°, 
having the NOg-groups in the two ortho-positions with respect 
to the OH-group, and the other melting at 82°, and having the 
NCVgroups in ortho-para-positions with respect to the same. Now, 
according to the authors, the salts of both these compounds are 
yellow, and thus it would seem that the introduction of two methyl* 
groups in the place of two hvd^^>-atoms brings about a coil 
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siderable modification in the colour in the case of orfcho-orthodinitro- 
phenol, removing it further from the red end of the spectrum. 
Orfcho-orthodinitrophenol and its halogen substitution-derivatives 
melt at a lower temperature than orfchoparadinitrophenol and its 
corresponding derivatives ; hut this state of things seems to be 
reversed by the introduction of the two methyl-groups into the 
molecule, and the derivative of orfcho-orthodinitrophenol then melts 
at the higher temperature. 


XII .—On Berberiue . (Part I.) 


By W. H. Perkin, Jun., Ph.D. 


Berbepjne, the yellow alkaloid of Berberis vulgaris , was discovered in 
the year 1826 by Chevallier and Pelletan ( Journ . de Chim. Medicate , 
2, 814<) in Xanthoxylum clam Her culls, and described by them under 
the name of xanthopicrit. 

Subsequent researches have shown that this alkaloid is a con¬ 
stituent of a large number of plants, in some of which it is present 
in considerable quantities. 

It has been found in Coceuhispalmatus, or Columbo root (Boedecker, 
Annalen , 06, 384 ; 69, 40) ; in Berberis vulgaris (Buchner, Ann., 24, 
228); in Gceloeline polycarpa (Steuhouse, Ann., 95, 108; 105, 
360) ; in the wood of Coscinium fenestratum from Ceylon, and in 
Xanthorrisa apii folia , a Xorth American plant of the Ttanunculacea 
order (Perrins, Ann., 83, 276) ; in Hydrastis canadensis (Mahla, SUL 
Am, J. [2], 33, 48 (1862)) ; another JSTorth American plant of the 
ltanmiculacea order, which, as it contains about 4 per cent, of crude 
alkaloid, and is readily obtainable in England, can be used as a source 
of the alkaloid (Perrins, Ann., Suppl. 2, 178). 

Berberiue has also been found in Woodumpar, a yellow wood from 
Upper Assam, in the root of Goptis tecta or Mahraira—a plant growing 
in Hindoostan and China, and-which is much valued in India on 
account of its tonic properties. Perrins (loo. cit, p. 174), who 
examined this source, obtained as much as 8i per cent. berberiue 
from the root—a far larger quantity than has uu to the present been 
found in any plant. 

The French chemists Chevallier and PeUetanTTFe discoverers of 
berberiue, although they carefully and accurately described some of 
its properties,, do not appear to have made 1 any analyses of their 
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product, and it was not till 1835 that any attempts were made to 
ascertain the composition of this interesting substance. In this year, 
Buchner and Herberger (Annfden, 24, 228) published the results of 
an important series of experiments on this alkaloid, together with a 
number of analyses of tlie hase itself, and also of its compound with 
oxide of silver. These experiments led them to the supposition that 
berberine was represented by the formula C^Ha^Ois (C = 6 : 0 = 8). 

At a later date, Fleifniann made a careful examination of berberine, 
and showed that instead of being a weak acid, as Buchner had sug¬ 
gested, it was in reality a strong base, forming with acids stable salts, 
and in all respects showing the properties of a well-defined alkaloid. 

Fleitmaim analysed nut only berberine itself but also several of its 
salts, and the results of his experiments led him to the conclusion 
that the formula proposed by Buchner was erroneous, and that the 
composition of this base was C 4 -.H 2S X0 9 (0 = 6 : 0 = 8). 

In the year 1861, J. Dyson Perrins (Annalen, Sup pi. 2, 176) pub¬ 
lished the roost accurate investigation of berberine which had up to 
that time been made, in the course of which he analysed a large 
number of its salts, and showrnd, in a most conclusive manner, that 
FleitmamTs formula was inaccurate, and that the true formula was 
C,hH 17 N0 4 (C = 12 : 0 = 16). 

Although the analytical results obtained by Perrins agree so closely 
with this formula, I still thought it necessary, before starting an 
investigation on the constitution of this interesting alkaloid, to repeat 
some of these analyses with specially purified substances, so as to leave 
no doubt as to the relation of the carbon, hydrogen, nitrogen, and 
oxygen-atoms in it. The berberine used in these experiments was 
purified in the following manner :— 

Crude berberine hydrochloride (from Merck in Darmstadt) was 
recrystallised twice from water acidified with hydrochloric acid, the 
beautiful yellow, silky needles dissolved in a little boiling -water, and 
the solution rendered alkaline by the addition of an excess of car¬ 
bonate of soda solution. 

On cooling, the liquid became filled with brownish, silky crystals. 
These were filtered from the dark brownish-red mother-liquor, 
washed with -water till the washings were only slightly yellowish, 
and dried on a porous plate. ' The beautiful silky mass thus obtained 
was next dissolved in boiling 80 per cent, alcohol (carefully purified 
methylated spirits may also be used) from, which, on slowly cooling, 
long, yellowish-brown needles separated. After repeated crysfallisa- 
'tion from .dilute alcohol, these crystals entirely lone their* original 
brownish colour, and are at length' deposited in the form, of long, 
silky needles of an intensely yellow colour. This 1 substance 11,1 1 

repeatedly nnalysed.nnderwarying conditions, but imspite of: thig'hpo'; 
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satisfactory results could be obtained. One reason for this is that 
the substance contains several molecules of water of crystallisation, 
part of which is given off slowly at ordinary temperatures and part 
at 100°. 

The substance dried at 100° is, however, never free from water 
of crystallisation, and if attempts are made to drive this off at a higher 
temperature, slight decomposition invariably takes place sufficient 
to spoil the analytical results. Another reason for the difficulty 
experienced in obtaining concordant numbers with berberine pre¬ 
pared in this 'way, is that the substance almost invariably contains 
traces of chlorine. 

Experience showed that the nitrate, hydriodide, and platinochloride 
of berberine were far more suitable for analytical examination than 
the base itself. 

Berberine Nitrate , C 2 oH n ErQ 4 ,HNOj.—This salt has been described 
by both Eleitmann and Perrins. It is readily prepared by adding an 
excess of dilute nitric acid to a warm, concentrated solution of the 
base. The nitrate is thus precipitated as a yellow crystalline mass, 
which is collected, well washed with water, and repeatedly recrystal¬ 
lised from this solvent. In this way beautiful yellow needles were 
obtained which, after drying first over sulphuric acid in a vacuum 
and then at 100°, gave the.following results on analysis:— 

X, 0*1724 gram substance gave 0*0722 gram PLO and 0*3808 
gram C0 2 . 

II. 0*1638 gram substance gave 0*0679 gram H 2 0 and 0*3621 
gram C0 2 . 

III. 0*2056 gram substance gave 12*5 c.c. 1ST. Bar = 760 mm. t = 



Theory. 

f 

Found. 

1 a 


O 20 H 17 NO 4 ,HNO 3 . 

I. 

II. 

III. 

c... 

. 60*30 p. c. 

60-24 

60*27 

— p. c. 

H.. 

4-52 „ 

4-65 

4*52 

■ ‘ 5J 

1ST .. 

. 7-04 „ 

— 

— 

7-16 „ 

O .. 

. 28-14 „ 

— 

— 

55 


These numbers agree well with those. previously found by Eleit¬ 
mann and Perrins, but not so well with those given by Henry. 

Eleitmann. Henry. 

f — - 4 -Perrins. ( - A -^ 

0.... 60*15 59*64 p. c. 60*19 p. o. 59*09 59-44 p. c. 

H*... 4*75 4*62 „ 4*60',/ 1 4*85 4*84 „ , 

; This .salt is readily'soluble, in hot water, sparingly in cold, 'and 
almost insoluble in dilute nitric acid* 
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If tlie Lot solution of berherine nitrate be mixed with a small 
quantity of ammonia, on cooling a remarkable compound separates in 
sparingly soluble golden plates. I have not as yet been able to 
determine the nature of this substance, but from the analyses already 
carried out it appears to hare the formula C^IIoJShOo. 

(Found C = 55*2. H = 4 * 8 . ]\ T = 6 * 80 . Theory requires C = 

55*55. H = 4 * 63 , JN r = 6 * 48 .) 

I am at present engaged in the investigation of this substance. 

Berherine By dr iodide, CaoHnNO^HI.—'This very insoluble salt is 
obtained as a yellow precipitate when an aqueous solution of berbe- 
rine is acidified with a few drops of aqueous hydrogen iodide—or 
when potassic iodide is added to a solution of nitrate of berherine. 
The salt was collected, well washed with water, dried on a porous 
plate, and recrystallised from a large quantity of boiling 80 per cent, 
alcohol. 

In this way, beautiful satiny needles were obtained which on 
analysis gave the following numbers: — 

I. 0*1460 gram substance gave 0*0523 gram H 2 0 and 0*2767 
gram C0 2 . 

II. 0*3561 gram substance gave 0*1795 gram Agl. 


Tlieorv. 

C so H ir XU 4 dT. 


C. 51*83 p. c. 

H. 3*88 „ 

1. 27*43 „ 


Found. 

1~ U. 

51*68 — p. c. 

8*98 — „ 

- 27-25 „ 


Perrins and Henry, who also analysed this salt, obtained numbers 
agreeing closely with the above. 


Perrins. 

t —- A -^ Henry. 

G--- 51*72 51*77 p. c. 51*59 p. c. 

H. 3*92 3*96 „ 4*23 „ 

I... 27*02 27*12 „ 25*7 L „ 


Berherine Platinoehloride, (CsoHiT^O^HiPtCb.—This double salt 
has, on account of its insolubility and suitability for determining the 
molecular weight of berherine, been repeatedly examined. It is 
readily prepared by adding platinum chloride in excess to a slightly 
acid solution of berherine hydrochloride. The yellow precipitate 
thus thrown "down was collected, .well washed with water, dried bn a 
porous plate over sulphuric acid,'and then at 100*, and analysed "'with 
the following results :— '■ 
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I. 0*2251 gram substance gave 0*0708 grain H 2 0, O’8657 gram 
00 2 , and 0*04o6 gram Pfc. 

II. 0*6807 gram substance gave 0*1228 gram Pfc. 

III. 0*2780 gram substance gave 0*2192 gram AgCl. 

Found. 


Theory. 



(C ;n H 17 NO 4 );H 3 PtCl 0 . 

I. II. 

III 

c.. 

.... 44*47 p. c. 

44-31 — 

— P- c. 

H . 

.... 3-33 „ 

3*49 — 

' 33 

Pfc 

.... 18-02 „ 

18-03 18-08 

}} 

CL 

.... 19-73 „ 

— — 

19-50 „ 

Previous analyses of this salt by Fleitmann, Perrins, and Henry 

gave the following results, which 
number of experiments :— 

are in each case 

the mean of a 


Fleitmann. 

Henry. 

Perrins. 

c.. 


44*38 p. c. 

44*33 p. c. 

H., 


3-57 „ 

3-41 „ 

pt 

. 18-11 „ 

17-90 „ 

18-21 „ 


This salt is almost insoluble in all tlie ordinary solvents. It crystal- 
Uses from its solution in boiling amyl alcohol, on cooling* in small, 
yellow needles, but it is extremely insoluble in this solvent even 
on boiling. 

The analyses of these three salts show conclusively fchat the correct 
formula for berberine is O 20 H 17 NO 4 . For a complete list of the various 
berberine salts which have from time to time been analysed by 
different investigators, I must refer to a paper by Hlasivvetz and 
Grilm ( Annalen , Suppl. 2, 197—201); and also to a recent paper by 
Ernst Schmidt (MittJieihmgen aus jpharm. chem. Institute Marburg) t 
which I have only lately had the opportunity of consulting. 

In his researches on berberine (loc. cit,), Fleitmann states that 
it crystallises from water with 4| xnols. H 2 0. Several analyses 
which 1 made with different samples agree rather with the formula 
O-iflHnNO* + 5^ H 2 0. In these experiments the berberine used 
was prepared by Fleitmann’s method, very carefully purified by 
repeated recrystallisation from water, and then dried in the air on 
a porous plate at the ordinary temperature. Determinations of the 
amount of water of crystallisation given off at 100° gave the following 
results 

/ ^ L 1*5241,. gram substance heated to 100° till constant lost 0*1944 

, gram* ' 
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II. 0-5838 gram substance heated to 100° till constant lost 00702 

gram. 

III. 0-6414 gram substance heated to 100° till constant lost 00758 

gram. 

IY. 0-7017 gram substance heated to 100° till constant lost 0'0851 
gram. 

Funnel. I. IT. HI* W- 

FLO . 12v 11*9 11*9 12*1 p.c. 

Complete analyses of different preparations of berberine dried at 
100° tiil constant gave the following numbers :— 

I. 0**2385 gram substance gave 0*1239 gram H 2 0 and 0*5550 gram 
C0 2 . 

II. 0*2095 gram substance gave 01041 gram H->0 and 0*4877 gram 
CO*. 

III. 0*131(3 gram substance gave 0*0666 gram H 2 0 and 0*3032 gram 

oo s .~ 

IY. 0*3-1-30 gram substance gave 11*4 c.c. X. t = 16*5°. Bar. = 
736 mm. 

Found. 

Theory. r ----*-^ 

CV,H 17 X0 4 + 2£H a O. 1. II. III. IV. 

0..... 63*16 p. c. 63*08 63*49 63*83 - p. c. 

H .... 5*78 „ 5*77 5*52 5*66 — „ 

Y .... 3*68 „ — — — 8*72 „ 

From these analyses, it seems probable that berberine dried at 100° 
still contains 24 niols. H 2 0, and that the air-dried substance originally 
contained 54 mols. FLO, 3 of which are driven off at 100°. This 
would require a loss of 12*4 per cent., which agrees approximately 
with the numbers given above. 

Hermann Schreiber (Dissertation Marburg , 1888) is of opinion that 
berberine crystallises with 6 mols. H a O,allof which is expelled at 100° 
in a stream of hydrogen. 


Properties of Berberine . 

Berberine crystallises from water in brilliant, yellow needles, which 
when dried in the air have a fine silky lustre. The base itself and 
also its salts ,are remarkable, for their excessively bitter taste; when 
warmed, they emit a faint but peculiar odour strongly resembling that 
of ordinary qninone, , , .■ 

When heated to 100°, the yellow berberine crystals'gradually "Jose, 
them lustre, and become,yello*wish-brown,,at410°the/chapgeis,'yery 
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rapid, and at temperatures above 160° total decomposition soon sets 
in with formation of a brownish-black mass, from which I have not 
as jet been able to obtain anything of a crystalline nature* 

On account of this behaviour of berberine when heated, I have not 
made any attempts to determine its melting point. Fleitmann (lot. 
ctt.) gives as the melting point of berberine 120°, but this is certainly 
too low. 

If bromine-water be added to even very dilute solutions of ber¬ 
berine, a yellow precipitate is produced, which on standing- rapidly 
becomes darker. If the product is collected and washed with dilute 
sulphurous acid, a yellowish-orange mass is obtained, crystallising 
from large quantities of boiling water in needles, which appear to 
consist of the hydrobromide of a new base. Sehreiber (lac. cli 
p. 38) considers this substance to be simply berberine hydrobro¬ 
mide. 

Berberine not only combines with acids to form salts, but it also 
gives peculiar compounds with alkalis. The addition of methyl alco¬ 
holic potash to a strong solution of berberine in alcoholic potash 
produces a pinkish-white, amorphous precipitate, which contains con¬ 
siderable quantities of inorganic matter. The analyses of this compound 
have not as yet given satisfactory results. 

Berberine does not appear to combine either with hydroxy]amine or 
phenylhydrazine, and although the alkaloid dissolves readily in a 
mixture of oxychloride and pentachloride of phosphorus, no change 
seems to take place even when the mixture is allowed to remain for a 
long time at ordinary temperatures. 

Before publishing the details of the experiments which have 
been made in this direction, I propose to confirm the results already 
obtained, by using, instead of the alkaloid itself, some salt, such as 
the nitrate, which contains no water of crystallisation. 

In its behaviour towards reagents, berberine shows the following 
characteristic reactions:— 

It dissolves in concentrated sulphuric acid, forming a yellow solu¬ 
tion, which on warming turns olive-green. 

Yery dilute solutions of berberine give with chlorine-water a 
decided brownish-red coloration, whilst strong solutions are coloured 
intensely by this reagent. Reducing agents, such as tin and hydro¬ 
chloric acid, destroy this colour, which, however, reappears on the 
further addition of chlorine-water. 

Concentrated nitric acid dissolves berberine, forming a dark, red¬ 
dish-brown solution, from which water precipitates a yellow, fiocculent 
mass, partly soluble in ammonia. If the brown-red solution in nitric 
acid be warmed,'Oxidation rapidly sets in with evolution of abundance 
of red fumes, and a yellow solution which <Jdmta£iis‘ ^jfeear- , 
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heroine acid, oxalic acid, and other products. Potassium ferricyanide 
in alkaline solution gives with berberine a yellow precipitate, being 
itself for the most part reduced to ferroeyanide. 

If a trace of berberine be boiled for a short time with concentrated 
aqueous hydrogen iodide, the product diluted with water and ren- 
dered slightly alkaline by the addition of ammonia, an intense blackish- 
violet coloration is produced. 

Berberine is also characterised by the insolubility of some of its 
compounds, as, for instance, its hydriodide, platinochloride, auro- 
chloride, chromate, &c whilst a number of soluble salts, such as the 
nitrate, are rendered almost insoluble by the addition of a mineral 
acid. 

A solution of iodine in potassic iodide gives with extremely small 
quantities of berberine salts a brownish precipitate of the periodide, 
If the precipitation be carefully conducted in warm 
alcoholic solution, beautiful, shining, green plates separate. 

Berberine Hydrochloride, C 20 HnNCh,HCl + 2JELO.—This beautiful 
salt crystallises from water in long, yellow needles. As mentioned at 
the commencement of the paper, this salt, in spite of its beautiful 
appearance, does not give very satisfactory results on analysis. 

If attempts are made to dry it at 100°, in a short time the yellow 
colour of the crystals gradually changes to brownish-yellow, and then 
to brownish-red, small quantities of hydrochloric acid being invariably 
lost during the operation* Analysis of the pure substance dried over 
sulphuric acid gave numbers agreeing fairly well with those required 
by the formula C^HnjSTO^HCl A 2H 2 0. 

L 0-2075 gram substance gave 0*1057 gram H 2 0 and 0*4461 gram 
C0 3 . ' /’ 

II. 0*1557 gram substance gave 0*0792 gram H 2 0 and 0*3383 gram 

00 ,. 

III. 0*5091 gram substance gave 16*5' c,c. N. Temp. = 17°. Bar. 
727 mm. 


C 
H 
¥ 

The difficulty in obtaining good results Jin, the analysis of‘this 
substance is partly accounted for by the fact that' the salt dried as 
above is so excessively hygroscopic as ij render it very difficult to 
weigh it out with the necessary degree off accuracy. . 1 A., : 

'As the result of a number of careful ^qalyses, EL Schmidt (loc. tit., 
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•p. « r >4) has shown that berberine hydrochloride crystallises from dilute 
alcohol with 4 mols. H 3 0. 


Oxidation of Berberine with Potassium Permanganate . 

In most of the investigations on the constitution of the alkaloids 
■which have np to the present time been carried out, it lias been 
found that the careful examination of the behaviour of this class of 
substances towards oxidising agents has almost invariably given 
interesting results, and in some cases very important clues as to their 
structure. 

The molecule of the alkaloid is usually split up, yielding acids of 
much simpler constitution, such as hemipinic acid (from narcotine), 
carboxylic acids of pyridine, quinoline, and their derivatives (in 
the case of quinine, cinchonine, <&c.), &c., although in some cases acids 
containing nearly the same number of carbon-atoms as the alkaloid 
employed are obtained. 

One of the most remarkable examples of the value of careful 
oxidation in investigating an alkalo'id is that of papaverine, from 
which by the use of potassium permanganate under various condi¬ 
tions Goldschmiedt was able to obtain among other substances papa- 
verinic, veratric, hemipinic, pyridinetricarboxylic, and dimetliyl- 
oxycinchoninic acids and papaveraldine. 

Experiments on the oxidation of berberine with potassic per¬ 
manganate have already been made by E. Schmidt and 0. Schilbaeh 
(Arch. Pharm. [3], 25, 164—170; Abstr., 1887, 604), who obtained 
thus considerable quantities of hemipinic acid. 

In some preliminary experiments on berberine made early in 
1887, I also obtained hemipinic acid in considerable quantities by the 
oxidation of berberine with alkaline permanganate, and lately, in view 
of the remarkable results obtained by Goldschmiedt in his examina¬ 
tion of hemipinic and isohemipinic acids (Monats., 1888, 86 i), I 
have again very carefully studied this decomposition, partly with 
the object of determining whether the acid obtained is simply 
hemipinic acid or a mixture of this acid with metahemipinic acid, 
and partly from a desire to obtain some substance intermediate 
between berberine and this acid, which might afford some clue to the 
constitution of the alkaloid. 

The first experiments were carried out almost exactly in the 
way Goldschmiedt recommends in his first paper on papaverine 
(Manats., 1885, 1112). 

30 grams of pure berberine hydrochloride were dissolved in 
1 litre of boiling water, the salt decomposed by the addition of 
"■6; grams of / potassic carbonate, and - then oxidised , by slowly -running 
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in 150 grams of potassic permanganate dissolved in 3 litres of hot 
water. At first the oxidation is very rapid, but as soon as about 
two-thirds of tke permanganate bare been added, decolorisation takes 
place much more slowly, continued boiling being necessary to remove 
the last traces of the oxidiser. 

At the end of this operation, the product was saturated with 
carbonic acid, filtered through a cloth filter, and the manganese pre¬ 
cipitate well pressed ; this was then carefully extracted by repeated 
boiling with water, and pressing in a vice. The filtrate and washings 
were evaporated to dryness, the residue pulverised and repeatedly 
exhausted with boiling absolute alcohol (or purified methylated spirits), 
the alcoholic solution distilled, and the residue, after freeing it from 
the last traces of alcohol by gently warming on a water-bath, was dis¬ 
solved in a little water and filtered. On acidifying with dilute sul¬ 
phuric acid, the brown aqueous solution deposits a small quantity of 
a resinous precipitate, from w T liieh, however, nothing crystalline could 
be obtained. It was removed by filtration, the clear filtrate extracted 
20 times with pare ether, the ethereal solution dried over calcic 
chloride and evaporated, and the brownish residue thus obtained 
was allowed to remain for some days over sulphuric acid in a vacuum. 
The crude semi-solid mass was then roughly purified by spreading it 
on a porous plate, and afterwards repeatedly recrystallised from, boiling 
water. In this way beautiful transparent crystals were obtained, 
which on analysis gave numbers agreeing with those required for 
hemipinic acid:— 

0*1827 gram substance gave'0-0720 gram H 2 0 and 0*3550 gram GO a . 

Theory. 

CiAbuOg. Found. 


C .......... 53*10 per cent. 52*99 per cent, 

H. 4-42 „ 4-38 

O. 42-48 „ 42-73 


Determination of water of crystallisation :— 

0-8878 gram of substance beated to 100° till constant lost 0*1236 
gram = 13-92 per cent. Theory for C,«H w O, + H s O = 1374 per 

cent. 

Considerable difference of opinion exists as to the melting point of 

hemipinic acid. Wegscheider (Manats., 3 , 351) gives 175_179° for 

the acid .from narcotine; Liebermann (Ben, 19, 2279), 180_181°, 

and Grime ( Ber 19, 230) 180°, whereas E, Schmidt, and ScbilbaCh 
(Arch. Pharm., 225, 164) found for tbe hemipinic acid prepared 
by them from berberine, and also for the acid from narcotise* the 
low melting point 160-161°. Goldschmiedt, who has lately most 
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carefully re-examined the iiemipinic acid from narcotine, found 
that although, when rapidly heated it melted at 172—175° with 
decomposition into anhydride and water, yet when slowly heated 
it melted at 160—161°. I have repeated these experiments with the 
hemipinie acid from berberine, and although I can corroborate the 
experience of Goldschmiedt that the melting point varies considerably 
according to the rapidity of the heating, still I have never been able 
to observe a melting point lower than 170°. When heated moderately 
rapidly, the acid obtained as above melts regularly at 177—178° with 
decomposition. 

In studying tlie action of small quantities of permanganate on 
berberine, I subsequently obtained an acid, Ci 0 H 10 O 6 , of totally different 
appearance, which melted at 159—160° with decomposition, and thus 
showed all the properties of hemipinie acid from narcotine. 

As 1 was, therefore, not quite satisfied that the acid obtained as 
described above, melting at 177—178°, was hemipinie acid and not 
metahemipinie acid, I carefully examined my product in the way 
suggested by Goldschmiedt ( Monats 1888, 870). 

In his researches on papaverine, Groldsehmiedt obtained by the oxi¬ 
dation with alkaline permanganate an acid of the formula GjqHioOb, 
which from its properties (m. p. 174—175°, water of crystallisation, &c.) 
he at first supposed to be identical with the hemipinie acid from narco¬ 
tine. The further study of the constitution of papaverine, however, 
showed that these two acids could not be identical, but must be 
isomeric merely, a conclusion which was borne out by the further 
examination of their properties. As both these acids on fusion with 
potash give protocatechuic acid, and both are orthocarboxylic acids, 
their constitution must be represented by the formulas— 

CH 3 0 

CHsO/NcOOH 

qJcOOH 

Hemipinie arid from 
narcotine 

In examining the hemipinie acid from berberine, I first made a 
determination of thehnethoxyl-groups according to Zeisel’s method 
(decomposition with hydrogen iodide and determination of the 
amount of methyl iodide formed by leading into an alcoholic solution 
of silver nitrate, and estimating the silver iodide precipitated (Monats., 
1883, 704), with the following results:— 

0*2740 gram substance dried at 100° gave 0*7350 gram Agl. 

VOL. LV. G 


CH 3 Oj / \cOOH 

CEsOqJcOOH 

Metahemipinie acid from 
papaverine. 
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Theory for 

Found. C 10 H 10 O 6 . 

OCH 3 _ 27*74 per cent. 27*43 per cent. 

In order, then, to prove that the acid from herberine was a deriva¬ 
tive of pyrocatechol, a small quantity was decomposed by fusion with 
potash. 2 grams of the pure acid was dissolved in a little potash, 
the solution evaporated to dryness, and the residue fused in a silver 
dish with 50 grams of pure caustic potash and a little water for about 
half an hoar. The resulting almost colourless melt was dissolved in 
water and acidified with dilute sulphuric acid, during which operation 
the solution became first blue, then violet, and lastly reddish, but 
remained clear. It was extracted several times with ether, the 
ethereal solution dried over calcic chloride, and the ether distilled off; 
in this way, a crystalline residue was obtained which, after recrystal¬ 
lising once or twice from a little water, gave the following results on 
analysis:— 

0*1217 gram substance dried at 100° gave 0*0442 gram TLO and 
0*2436 gram C0 3 . 

Theory. 

O ; H 0 6,. Found. 


C. 54*55 per cent. 54*59 per cent. 

H. 3*89 „ 4*03 

O.. 4*56 „ 4*48 „ 


A determination of the water o£ crystallisation gave the following 
results 

0*3326 gram of air-dry substance dried at 100° lost 0*0347 gram. 

Theorv. 

C : H,0 4 +‘S,0. Found, 

H 3 0 ........ 10*46 per cent. 10*43 per cent. 

This acid has, therefore, the composition of protocatechuic acid, 
with which it agrees in all its properties. 

It crystallised from hot water in needles melting at 195—196°. 
The aqueous solution gives with ferric chloride a deep, emerald-green 
coloration, which, on the careful addition of soclie carbonate solution, 
becomes first blue, then violet, and at last red. It reduces an am- 
maniacal silver solution at once, gives with lead acetate a white 
precipitate soluble in acetic acid, and on heating is decomposed into 
carbonic anhydride and a white crystalline sublimate which shows all 
the reactions of pyrocatechol. These reactions, however, do not deter¬ 
mine whether the acid obtained from herberine is hemipinic or meta- 
heiaipinie acid, as both these acids contain two methoxyl-groups, and 
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both on fusion with potash yield protocaiecbuic acid. These two acids 
can, however, be readily distinguished by conversion into their etliyl- 
imides; the ethylimide of hemipinic acid melting at 96°, whilst that 
of metahemipinie acid melts at 226—227°. 

In order to prepare the ethylimide of the acid from berberine, the 
pure substance was dissolved in an aqueous solution of ethylamine, 
the solution evaporated to dryness on a water-bath, and the residue 
distilled from a small retort. The solid distillate was dissolved in a 
little boiling methyl alcohol and allowed to stand, when beautiful 
needle-shaped crystals were obtained, which on analysis gave the 
following numbers :— 

0T753 gram substance gave 9*7 c.c. N. Bar. = 760 mm. t = 
14*5°. 

Theory. 

C l2 H 33 X0 4 . Found, 

hi. 5*96 per cent. 6*09 per cent. 

This ethylimide melts at 94—95°, hut when recrystallised from 
water, at 96°, and shows all the properties of ethylhemipinimide, pre¬ 
pared by Liebermami by the action of ethyl iodide on the potassium- 
derivative of hemipinimide. It is therefore proved beyond doubt that 
hemipinic acid from berberine is identical with that obtained from 
narco tine.* 

Besides hemipinic acid, there are small quantities of at least 
two other acids formed when berberine is oxidised with perman¬ 
ganate in the proportions given above, both of which are present 
in the potassie carbonate residues, from which the potash salt of 
hemipinic acid has been extracted with alcohol. These residues 
were dissolved in a small quantity of water, neutralised with acetic 
acid, and treated with acetate of copper. On long standing in a 
warm place, the green solntion thus produced deposited a small 
quantity of a light bluish-green precipitate. This was collected, well 
washed with water, and decomposed by passing sulphuretted hydrogen 
through the salt suspended in boiling water ; the filtrate, on evapora¬ 
tion, gave a small quantity of a crystalline residue which on examina¬ 
tion was found to contain nitrogen. 

On recrystallising from water, small nodular crystals were obtained, 
melting at 238—242°. These gave on analysis the following numbers:—• 

0*2629 gram substance gave 14*5 c.c. N", Bar = 759. t = 14°. 

Theory. 

' ' " C*H 5 N0 6 4 H.O. . Found. 

1ST ...... _ 6*11 per cent, ■ ' 6*48 per cent. 

1 ■ ■' * TMs confirms the. results obtained by E. 1 Schmidt (loc. ■cti., : 
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Unfortunately the amount of this acid obtained by this reaction was 
too small to allow of further experiments being made to determine 
its composition, but from its melting point and analysis it would 
appear to be either carbocincbomeronic acid or berberonic acid. 
This is the more probable, as berherine when oxidised by nitric acid 
yields berberonic acid. It is interesting to notice that E. Smith and 
C. Schilhaoh {Arch. Than,i. [3], 25, 1H4—170) in their experiments 
on the ox Ida - ion of berberine with permanganate, also noticed the 
formation of a nitrogenous acid, crystallising in nodular crystals, and 
melting at 218—220°. The silver salt, however, gave numbers 
showing* this acid to be a pyridinemonocarboxylic acid (nicotinic 
acid r). 

The mother-liquor from the copper salt was treated with sul¬ 
phuretted hydrogen, filtered from the precipitated sulphide of copper, 
and subaeetafce of lead added so long as a precipitate was produced. 
The lead salt was collected, ■well washed, suspended in water, decom¬ 
posed with sulphuretted hydrogen, and the filtered solution evaporated 
to dryness. 

The residue, when dissolved in a small quantity of boiling water, 
and the solution allowed to cool slowly, deposited, after some time, a 
quantity of crystals; these, on examination, were found to consist of 
two distinct substances, the one crystallising in thick, brownish 
prisms, and the other In long, colourless needles. The brownish 
prisms were mechanically separated, reerystallised several times from 
water, and the colourless crystalline mass thus obtained dried at 100°, 
and analysed with the following result:— 

0*1932 gram substance gave 0*0777 gram ELO and 0*3763 gram 


C0 2 . 

Theory C I 0 H 10 O 6 . Bound, 

C .53*10 per cent, 53*12 per cent. 

H .. 4*42 „ 4*47 

O.42*48 „ 42*41 


As this substance melted at 177—178°, there can be no doubt that 
it was simply hemipinic acid, with -which It agreed in all its' 
reactions. 

The needle-shaped crystals obtained from the lead salt together 
with the hemipinic acid, after recrystallisation from water, were 
found to consist of pure oxalic acid. It is very remarkable that in 
the oxidation of berberine with alkaline permanganate so little oxalic 
should be formed. The amount actually obtained from 60 grams; of 
berberine was but'little more than 3 grams., 

From the above it will be seen that berberine,'when oxidised with 
am excess of potassium permanganate, yields principally hemipinic 
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acid, the other oxidation products isolated being formed only in 
very small quantity. In this respect, berberine differs very widely 
from papaverine, which, under similar conditions, yields a number of 
important decomposition products, such as papaverinie acid, C 16 H i3 XO : , 
veratrinic acid, C-gH^CA, metahemipinic acid, Ci, ( Hi t) Oc, a-pyridine- 
tricarboxylic acid, C 8 H 5 X06, &c., all of which are found in consider¬ 
able quantity in the product of the oxidation. The reason for this is 
that berberine and its derivatives are so very readily oxidised, that 
unless a limited amount of permanganate is used, and the oxidation 
very carefully carried out, the whole molecule is split up, yielding 
principally hemipinic acid. As the result of a very large number of 
experiments carried out under a great variety of conditions, it has, 
however, been found possible to arrest the oxidation before it has 
gone as far as hemipinic acid, and in this way several new substances 
have been isolated, the study of which it is hoped will furnish some 
important clue as to the constitution of this interesting alkaloid. 

In experimenting on the formation of these new derivatives I have 
found it necessary to work w r ith small quantities at a time (never 
more than 7 grams of berberine in one operation), as when large 
quantities are used, even under precisely similar conditions of tem¬ 
perature and amount of oxidiser, very small yields are obtained. 

The best results have been obtained with the following quan¬ 
tities :— 

5 grams berberine (dried at the ordinary temperature). 

9 „ potassic permanganate. 

,, „ carbonate. 

The potassic permanganate and carbonate are dissolved in half a 
litre of water of 90°, and the solution very slowly run through a 
separating funnel or burette, into a hot solution (90°) of the berberine 
(in a quarter of a litre of water), the whole being well stirred during 
the operation. As soon as all the permanganate has been added (the 
oxidation requires about 10—15 minutes), the product is transferred 
to a Mask, cooled well under the tap, and the manganese precipitate 
brought into solution by passing a slow stream of sulphurous acid 
into the mixture. In this way a slightly yellowish liquid is obtained, 
in which are suspended small, yellow, flocculent particles. These are 
collected, well washed with water, and freed from the last traces of 
mother-liquor by spreading them on a porous plate. The purification 
of the resulting amorphous yellow mass which contains at least three 
new substances, is a-very difficult operation, and has, up to the present, 
only been successfully carried out when the following conditions have 
been carefully observed. 

The well washed residue is suspended in water and well agitated 
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at a temperature of about 40°, with a slight excess of sotlic carbonate, 
"by which treatment the crude product is separated into two portions, 
the one soluble, the other insoluble in carbonate of soda; these are 
separated by filtration. 

The new acid contained in the brownish-coloured filtrate is de¬ 
posited on the addition of an acid in the form of an amorphous yellow 
precipitate, which, on account of the presence of a quantity of a 
resinous substance, can only with difficulty he obtained in a crystal¬ 
line condition. The method of purification which has given the best 
results is the following:—The solution in sodic carbonate is nearly 
neutralised with dilute sulphuric acid, and the new acid fractionally 
precipitated in three fractions by running into the well-stirred 
solution a fine stream of very dilute sulphuric acid. The first fraction 
should be about one-fourth, the second one-half, the third one-fourth 
of the whole. The second fraction is carefully washed, dried on a 
porous plate, dissolved in a little methyl alcohol, and the solution trans¬ 
ferred to a fiat dish, and allowed to evaporate completely at the 
ordinary temperature. During the evaporation, the new acid separates 
in yellow nodular masses, covered with a transparent resin, which is 
invariably deposited along with the crystals. The resulting mixture 
of acid and resin is scraped off the sides of the dish and well kneaded 
between the fingers with a small quantity of methyl alcohol. In this 
way the resin is removed, leaving the warty masses almost entirely 
undissolved. The purified product is now dissolved in a small 
quantity of boiling methyl alcohol , from which it is deposited on 
cooling in almost colourless nodular masses, which, after repeated 
recrystallisation, gave the following results on analysis:— 

I. 0T.511 gram substance gave 0*0602 gram H,0 and 0*3192 gram 
CO a . 

II. 0*1421 gram substance gave 0*0552 gram H a O and 0*3000 gram 
CO,. 

III. 0*3633 gram substance gave 10*4 c.c. 1ST. t = 11°. Bar. = 
72 7 mm. 

Theory 

C^H, 7 N0 9 . C M H 1 S N 09 .' 

C- 57*83 57*55 per cent 

H.... 4*10 4*55 „ 

N .... 3-37 ' 3*36 „ 

O . „. 34*70 34*53 „ 

It is as yet very difficult to decide whether this new substance has 
the formula CjoHnNO* or C^H l9 ^0 9 , but for various reasons I am 


Found. 

€ ii. in. 

57*61 57*58 — percent. 

4*43 4*47 — 
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inclined, in tlie meantime, to adopt the latter formula, leaving the 
definite settlement of this point to further experimental proof. 

This substance is readily soluble in ethyl and methyl alcohol and 
in acetic acid, but only sparingly in benzene, toluene, and ether, and 
almost insoluble in light petroleum, chloroform, ethyl acetate, and 
cold water. It is, however, best purified by reerystallisation from 
methyl alcohol, from which it is deposited, on long standing, either 
in warty masses or in small plates. 

Considerable difficulty was experienced in determining the melting 
point of this new substance. When rapidly heated, it softens at about 
IBS—140°, and then melts completely at 141—142° with evolution of 
gas. At 150—155° it again becomes solid, and on further heating 
melts again between 195° and 200°. 

The pure compound, C 20 H 19 ]TO 9 , dissolves readily in alkalis and in 
alkaline carbonates. 

The barium salt was prepared by dissolving the acid in baryta- 
water, removing the excess of the latter by passing carbonic anhydride 
through the boiling solution, filtering, and evaporating on a water- 
bath. In this way a quautity of an almost colourless crystalline 
barium salt was obtained which, after washing with a little water 
and drying first over sulphuric acid in a vacuum and then at 100°, 
gave the following results on analysis :— 

0'4598 gram substance gave 0T926 gram BaSO^. 

Theory. 

CsohiuNOgBa. Found. 

Ba .. 24*82 per cent. Ba .. 24*68 per cent. 

The neutral solution of the ammonium salt of this acid gives with 
nitrate of silver * a white, gelatinous precipitate, soluble in a large 
quantity of boiling water: with cupric acetate a beautiful bluish- 
green precipitate, and, with acetate of lead , a white, gelatinous pre¬ 
cipitate. Fused with a small quantity of pure caustic potash, this 
substance is readily decomposed, yielding an almost colourless melt 
which, when dissolved in water, acidified with sulphuric acid, and 
extracted with ether, gives a crystalline acid readily soluble in water. 
The solution of this acid gives with ferric chloride a deep-green 
coloration, changing to violet and then to deep red on the addition of 
sodic carbonate. As it also gives with acetate of lead a white pre¬ 
cipitate, and readily reduces ammoniacal silver solution, it is probable 
that this substance is either berberinic acid or protocateehuic acid. 

The residual product of the oxidation of berberine, insoluble in 
sodic carbonate, obtained as described above, contains, besides a 
quantity of a resinous substance, two new compounds which are 
separated in the following'way : 
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The crude, brownish product is well washed, first with a dilute 
solution of sodic carbonate, then several times with -water, dried on a 
porous plate, and dissolved in a small quantity of boiling 90 per cent, 
acetic acid (5 grams of substance require about 20 grams of acetic 
acid). This solution on cooling gradually deposits a considerable 
quantity of a crystalline substance. At tbe end of 48 hours, this is 
collected, washed with a little glacial acetic acid, and purified by 
repeated recrystallisation from this solvent.* It is thus obtained in 
fiat, glittering plates, with a remarkable silky lustre: these after 
drying, first on a porous plate and then at 100°, gave the following 
results on analysis :— 

I. 0*2001 gram substance gave 0*0800 gram H 2 0 and 0*4387 
gram OCX. 

II. 0*1395 gram substance gave 0*0569 gram H 2 0 and 0*3053 
gram C0 2 . 

III. 0*1354 gram substance gave 0*0550 gram H s O and 0*2971 

gram C0 2 . 

IV. 0*1560 gram substance gave 0*0620 gram H 2 0 and 0*3433 

gram C0 2 . 

V. 0*3773 gram substance gave 11*2 c.c. N (t = ' 13°. Bar. = 
760 mm.). 

VI. 0*3372 gram substance gave 10*6 c.c. jST (t = 13*5°. Bar. = 
737 mm.). 


G .... 
H.... 
X .... 

o.... 


Theory. 

C 20 1%NO s . 

60*15 p. c. 
4*26 n 
3*51 „ 
32*08 „ 


Found. 

r '* ' > 

I. II. III. IT. T. VI. 

59*87 59*69 59*77 60*02 — — p. c, 

4*44 4*53 4*51 4*41 — — „ 

— — — — 3*50 3*58 „ 


This substance melts at 236—237°. It is readily soluble in hot 
acetic acid, from which it crystallises on cooling in beautiful glitter¬ 
ing plates, but is only sparingly soluble in ethyl and methyl alcohol, 
benzene, toluene, light petroleum, and acetone, even on boiling. 
Although insoluble in alkaline carbonates, this substance dissolves 
readily in warm solutions of ammonia, caustic potasli, &c., forming 
well-defined salts. If the solution in ammonia be allowed to evapo¬ 
rate over sulphuric acid, a very curious jelly-like ammonium salt is 
deposited, which gradually dries up to a mass resembling dried 
albumin. This dissolves readily in water, and the solution gives with 
reagents some very characteristic salts. 

* The mother-liquors contain considerable quantities of a second neutral sub¬ 
stance, which will be described further on. 
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Nitrate of silver gives a white, gelatinous precipitate which is 
readily soluble in hot water, but only sparingly in cold; it could not 
be recrystallised, as it somewhat readily decomposes on warming with 
water. A small quantity of this salt was prepared, well washed with 
cold water, dried on a piece of porous plate over sulphuric acid in a 
vacuum, and analysed with the following results :— 

I. 0*1996 gram substance gave 0*0560 gram II.0, 0*2547 gram 
C0 2 , and 0*0623 gram Ag, 


1286 

gram substance gave 

0*1023 gram 

Ag. 



Found. 


Theory. 

f - 

-.A- r „ -. 


C 20 H 15 NO s Ag 2 + 4HnO. 

I. 

II. 

c . 


34*80 

— p. c. 

H. 

. 3-35 „ 

3*12 

JJ 

Ag 

.... 31-40 „ 

31*22 

32-13 „ 


From this analysis it would appear as though the neutral substance, 
C 20 H l7 NO 8 , when dissolved in alkalis took up 4 rools. BUO, forming a 
bibasic acid of the formula CooHAISTOxo. It is, however, much more 
probable that the silver salt when prepared as above contains water 
of crystallisation, as is the case, for example, with the silver salt of 
papaverinic acid, which crystallises with 2—mols. H 2 0. The 
formula of the acid formed by dissolving the substance C-JEnHOs in 
alkalis, can therefore only be accurately* determined by the analysis of 
some other of its salts, with the investigation of which I am at 
present engaged. 

The solution of the ammonium salt of this acid gives with acetate 
of copper a splendid, light bluish-green precipitate, and with acetate 
of lead a white, gelatinous precipitate which dissolves somewhat 
sparingly in boiling water. The chlorides of barium and calcium 
give no precipitate in the cold ; on boiling, w r hite, amorphous salts are 
precipitated. 

The mother-liquors from the precipitation of the substance 
C*oH„N'0 8 contain, besides small traces of this sparingly soluble sub¬ 
stance, a considerable quantity of a second neutral substance which is 
much more readily soluble. To isolate this, the dark-brown acetic 
acid solution is heated to boiling, diluted with one-fourth of its bulk 
of boiling water, and allowed to stand for 24 hours. The crystals 
which separate are collected, the mother-liquor again treated as above, 
and the operation repeated until no more crystals separate. In this 
way nearly the whole of the new substance crystallises out in yellowish 
plates, whereas if too much water be added at first the crystals are 
invariably mixed with a black, tarry substance which, hinders, their 
subsequent purification.'!. The, crude substance thus obtained', can now 
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easily be purified by recrystallisation, once from dilute acetic acid and 
twice from pure alcohol. From the hot, alcoholic solution it is 
deposited on cooling in beautiful colourless plates with a pearly lustre. 
For analysis the substance was dried at 100°. 

I. 0*1372 gram substance gave 0*0540 gram FLO and 0*3155 
gram CG 2 . 

II. 0*1792 gram substance gave 0*0741 gram H 2 0 and 0*4093 
gram C0 2 . 

III. 0*1395 gram substance gave 0*0584 gram H 2 0 and 0*3213 

grain C0 2 . 

IV. 0*1680 gram substance gave 0*0720 gram H 2 0 and 0*3852 

gram C0 2 . 

V. 0*3070 gram substance gave 10*1 c.c. 1ST (t = 15°. Bar. = 
742 mm.). 

VI. 0*2493 gram substance gave 8*2 c.c. NT (/ = 18*5°. Bar. = 
759 mm.). 


Found. 



Theorr. 

C :u H ir NO r . 

( 

I. 

II. 

III. 

1Y. 

Y. VI.' 

c... 

.. 62-66 p. c. 

62*71 

62*61 

62*81 

62*53 

— __ 

H.. 

.. 4-43 „ 

4*38 

4*70 

4*65 

4*76 

— — 

N.. 

.. 3-66 „ 

— 

— 

— 

— 

3*75 3*80 

O .. 

.. 29-24 „ 

— 

— 

— 

— 

— — 


This new compound, which from the analysis appears to have the 
formula C 2 uH I7 X0 7 , melts at 150°. It is readily soluble in hot methyl 
and "ethyl alcohol, but only sparingly soluble in these liquids in the 
cold. It dissolves with difficulty in boiling water, and the solution on 
slowly cooling deposits the substance in beautiful, glittering plates, 
which resemble anthracene in appearance ; if rapidly cooled, however, 
the aqueous solution becomes milky before crystallising. It is also 
readily soluble in hot, hut almost insoluble in cold benzene and 
toluene. If this substance is not quite pure, its solutions fluoresce in 
a most beautiful way, reminding one strongly of a dilute solution of 
fluorescein. 

The substance C 2 oH 17 NT0 T does not dissolve in alkalis in the cold, and 
only very slowly on boiling. The solution in hot, strong caustic potash 
on cooling deposits what appears to he the unchanged substance, 
but as the substance is more soluble in caustic potash than in 
water, it is possible that it forms with alkalis very unstable salts. 
Fused with a little potash, the substance C 2u H 17 ]Y0 7 yields what 
appears to be profcoeatechuie acid (? berberinic acid). In studying 
ibis decomposition, about J of a gram of substance was gently fused 
with 2 grams of potash and a little water in a thick test-tube, ; .'The 
crystals dissolved at once with evolution of quantities 1 of, ,a: pungent 
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gas, which resembled methylamine or ethylamine rather than ammonia. 
The colourless residue dissolved in water with a reddish colour, and 
on acidifying and extracting with ether, a colourless crystalline sub¬ 
stance was obtained, which showed all the properties of protocateclmic 
acid. The aqueous solution gave with ferric chloride a deep-green 
coloration, which on the addition of sodic carbonate became 13rat 
blue, then violet, and at last red. On the addition of acetate of lead 
to ihe aqueous solution, a white precipitate was obtained, soluble in 
acetic acid. 

The substance CsoHnbTO? dissolves in strong nitric acid with a 
deep orange colour, and in warm sulphuric acid forming a deep 
violet-black solution. The addition of strong hydrochloric acid 
causes the crystals to turn yellow without dissolving them, and if a 
drop of hydrochloric acid be added to the alcoholic solution of the 
substance the solution is coloured slightly yellow, and acquires a 
bluish-green fluorescence. 

In order to further control the formula of the substance C 20 H n iTO?, 
its molecular weight was determined by Raonlt’s method, with the 


following result:— 

Substance taken . 0*7558 gram. 

Acetic acid. 42’1296 „ 

Melting point of acetic acid. 16*447° 

„ of mixture. 16*268 

Depression of melting point...... 0*184 

Molecular weight of substance found from the above data 880 
Theory for C*,H„N0 7 ... 888 

The yield of crude, dry, yellow substance obtained by the oxidation 


of 200 grains of berberine as described above is about 70 grams, of 
which 12 grams are insoluble, and 55 grams soluble in a solution of 
sodic carbonate. These numbers show clearly that a large portion of 
the products of the oxidation must be contained in the filtrate from 
the yellow substance. In order to -test this, the yellow solution was 
evaporated over a free flame, with occasional addition of a little 
aqueous sulphurous acid, until the inorganic salts commenced to 
separate as a crust on the surface. The liquid was then allowed to 
cool, filtered from the crystalline matter, and again evaporated, the 
operation being repeated until the solution from the oxidation of 
200 grams of berberine was reduced in balk to 1 litre. The brownish 
product was then extracted 20 times with ether, the ethereal solu¬ 
tion dried over calcic chloride, and the ether distilled off until about 
150 c.c. remained. 

During this operation a quantity of' a white, crystalline substance 
,'Separates, which after collecting, washing with a little ether, and 
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drying on a porous plate, presented the appearance of hard, sandy 
crystals. Subsequent examination showed that this product was a 
mixture of two substances, which are readily separated from each 
other by recrystallisation from water. The solution in a small quan¬ 
tity of boiling wafer deposits on cooling first of all a quantity of 
glittering* plates, which are rapidly filtered off. On standing, the 
second substance separates from the mother-liquor in hard prisms. 

The more insoluble substance, which is formed only in very small 
quantity, was purified by recrystallisation from water; the crystals, 
dried first over sulphuric acid in a vacuum and then at 100°, gave 
the following numbers on analysis :— 

I. 0T493 gram substance gave 0*0618 gram H 2 0. 


II. 0**2907 „ „ 8*8 c.c. N; t = 17°. Bar. = 

757 mm. 

Theory. 

C 2 oH 19 0 9 . Pound. 

C. 57*55 per cent. 57*54 per cent. 

H.. 4*55 „ 4*60 „ 

N. 3*35 „ 3*50 

O........ 34*53 „ 34*36 


This interesting substance, which from the above analysis appears 
to have the constitution Cs.iH^bTOs, melts at 178—179° with decom¬ 
position, due probably to loss of water. It is sparingly soluble in 
alcohol and ether, fairly soluble in boiling water, from which it 
crystallises on cooling, either in small plates, or in very small, warty 
masses. 

At present only sufficient of this substance has been obtained for 
the above analyses, and subsequent investigation must show whether 
the constitution assigned to it is correct. 

This acid has the same formula as the acid obtained from the 
yellow precipitate (p. 78), but as it melts 38° higher it must be 
isomeric, and not identical with this substance. 

The crude crystals of the more soluble substance obtained, as 
described above, were separated from the substance C 20 H n lSrO & by 
repeated recrystallisation from water, from which they were invariably 
deposited as a hard, crystalline crust on the bottom of the beaker. 
The air-dried crystals, when heated on a water-bath, lost scarcely any 
weight, showing the absence of water of crystallisation. 

On analysis the following numbers were obtained:— , 

I. 0*1518 gram substance gave 0*0608 gram H a O and 0*2970 gram 

CO,. 

II. 0*1720 gram substance gave 0*0701 gram H 2 0 and. 0*3361 'grata" 

co,. ' ■ ,:... ' ■ . ■ ■ o*:;* ; :::A;v-s^r ; i> 
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Pound. 

Theory. ,---. 

C 10 H 10 O fr I. II. 


0. 58-10 p. c. 53-36 53-28 p. c. 

H. 4*42 „ 4*45 4*52 

0 . 42-48 „ 42*19 42*20 „ 


Tliis substance melts at 159—160° with, decomposition, and as it 
gives protocateclvuie acid on fusion with potash, there can scarcely be 
a doubt that it is hemipinic acid. It is, however, in appearance 
totally different from the hemipinic acid previously obtained (see 
p. 73). The crystals, which contain no water of crystallisation, 
are very soluble in hot water, and separate from the solution very 
slowly indeed, the deposition often being incomplete after standing 
for 24 hours. 

The hemipinic acid obtained as described at the commencement of 
this chapter, and also a sample of the same substance prepared from 
narcotine (for which I am indebted to Dr. Goldschmiedt), crystallise 
rapidly with 2 mols. H 2 0 of crystallisation, when the hot aqueous 
solution is allowed to cool moderately slowly. The crystals dried at 
100°, and heated under the same conditions as the above, melt at 
177—178° with decomposition. 

The great difference in the properties of the two preparations lead 
me to doubt their identity, and in order to establish this the silver 
salt of the acid, melting at 159—160°, was prepared and examined. 
This salt is thrown down on the addition of silver nitrate to the 
ammonium salt as a heavy, white precipitate. It was well washed 
with water, dried over sulphuric acid in a vacuum, and then analysed 
with the following result:— 

I. 0-2928 gram substance gave O'1430 gram Ag. 

II. 0-2505 „ „ 0*1222 „ 


A g 


Theory. 

CioH 8 0 6 Ag 2 . 

49*09 p. C. 



This salt gives therefore the same numbers as those required for the 
silver salt of hemipinic acid. 

Subsequent experiments on these two preparations of hemipinic 
acid make it appear probable that this substance exists in two distinct 
forms, the one melting at 159—160% and the other at 177—178°. If 
a crystal of the latter acid be added to a warm saturated solution of 
the, former, in' some cases at least, the one modification is completely 
converted into; the other, but this change appears only to take place 
uiider certain conditions'bf; concentration,'Ac. , 
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I hope to be able to investigate this point more completely at an 
early date. 


Action of Hydrogen Iodide on Berherine. 

When heated with fuming aqueous hydrogen iodide, berherine is 
readily decomposed with evolution of methyl iodide, and formation 
of a new substance, which dissolves in alkalis with a blackish-violet 
coloration. This preliminary experiment led me to suppose that 
berherine is decomposed by hydrogen iodide in a way similar to papa¬ 
verine, which under this treatment is split up into papaveroline, 
C 16 Hi;dST 04 j and 4 mols. of methyl iodide. In determining the con¬ 
stitution of berherine, it was a matter of great importance to discover 
the number of OCH 3 groups contained in the formula C 20 HnbTQ*, 
and this is readily done by ZeisePs method ( Monats 6, 995), which 
consists in decomposing the alkaloid with fuming hydrogen iodide, 
and' determining the amount of methyl iodide formed by means of 
alcoholic silver nitrate. The first experiments in this direction were 
made with berherine itself, with the following results ;— 

I. 0*2930 gram of berherine (dried at 100—110°) gave 

0*3990 gram Agl. 

II. 0*3315 gram of berherine (dried at 100—110°) gave 

0*4440 gram Agl. 

III. 0*3290 gram of berherine (dried at 100—110°) gave 

0*4430 grain Agl. 

Found. 

Theorv for 2(OCH 3 ) groups in f - A -- 

(D 2u H 17 N0 4 + TUX I. II. HI. 

(OCHa) .... 17*56 p. c. 18*03 17*72 17*83 p. 0 . 

These experiments show that berherine contains only two OCH 3 
groups in its molecule, these two being present in the portion which 
on oxidation yields liemipinie acid. Owing, however, to the diffi¬ 
culty in determining accurately the amount of water of crystallisation 
present in the samples of berherine used, these results were not 
considered perfectly trustworthy, and in order to be quite certain 
similar experiments were instituted with the nitrate and liydriodicle 
of the base, these salts being so readily obtained pure and free from 
wafer of crystallisation. ‘ 

1. 0*3903 gram berherine nitrate, dried at 100°, gave 0*4669 gram 
Agl. 

Theory for 2(OCH 3 ) groups in 

C^H l7 N0 4 ,HN0 3 . Found. 

(OOH3) • •.. 15*59 per cent. 15*74 per cent. 
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IT. 0*4401 gram berberine hydriodide gave 0*4520 gram Agl. 

Theory for 2(OCH 3 ) groups in 

O 20 H i7 NO 45 HL Found. 

(OCH 3 ) .... 13*89 per cent. 18*61 per cent. 

In order, if possible, to isolate the phenolic substance formed 
during this reaction, the experiment was carried out with larger 
quantities. 25 grams of pure berberine were boiled with a con¬ 
siderable excess of fuming aqueous hydrogen iodide in a flask con¬ 
nected with a reflux condenser, until evolution of methyl iodide had 
censed. 

The dark-coloured solution on cooling deposited a small quantity of 
the new substance in the form of blackish-coloured nodules. These 
were collected, the solution distilled from a small retort until half had 
passed over and again allowed to cool, when a further quantity of 
solid was obtained. The crude product was well washed with water 
till free from hydrogen iodide, and ground to a paste in a mortar with 
a weak solution of sulphurous acid, to remove a small quantity of 
iodine. The yellowish-brown emulsion was now collected on a filter- 
pump, well washed with water, and extracted -with boiling water 
containing a little sulphurous and sulphuric acids. The hot solution, 
after filtering from a quantity of a brown insoluble residue, deposited 
the new substance on cooling in beautiful orange-coloured, amorphous 
flocks, which entirely filled the liquid. These were collected, repre¬ 
cipitated twice from hot water containing sulphurous acid, dried over 
sulphuric acid in a vacuum, and analysed, with the following 
result:— 

I. 0*1478 gram substance gave 0*0582 gram H. 2 0 and 0*3097 gram 
C0 2 . 

II. 0*1546 gram substance gave 0*0631 gram H 2 0 and 0*3244 gram 
CO* 

III. 0*4354 gram substance gave 15*2 c.c. 27; t = 0*12. Bar. = 
740 mm. 

IY. 0*4086 gram, decomposed by nitric acid according to Garins’ 
method, gave 0*1314 gram BaS0 4 . 

Y, 0*4401 gram, decomposed by nitric acid according to Garins’ 
method, gave 0*1412 gram BaS0 4 . 

la. 0*2784 gram substance, heated to 100° till constant, lost 
0*0123 gram. 

Ila. 0*2502 gram substance, heated to 100° till constant, lost 
0*0112 gram. ■ 
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Theory. < - 

(C 18 H 13 N0 4 ). Jj H 2 S0 4 + 2H 2 0. 1. 

0 ...... 57*75 p. e. 57*12 

H...... 4*28 „ 4*37 

N. 3-74 „ - 

H,SO*.. 13*10 „ — 

4*81 „ 4*43 

This substance is therefore the sulphate of a base of the formula 
CjgHjglSrO 4 . for which I propose the name berberolme. 

This base is formed from berberine simply by substituting hydro¬ 
gen for methyl in each of the two in ethoxy-groups ; thus:— 

C ls MO a (OCH 3 ) a . C 1 s H„1s t O,(OH) 3 . 

Berberine. Berberolme. 

The sulphate of this base is stable, and does not appear to undergo 
decomposition even on long standing. In the presence of a trace of 
alkali, decomposition sets in at once owing no doubt to oxidation—a 
dark, blackish-violet solution being formed. An aqueous solution of 
the sulphate shows the following reactions :— 

Chlorine-water gives a dark-violet, flocculent precipitate. Nitric 
acid gives a magnificent violet coloration which on standing—and 
particularly on warming—becomes a deep, reddish-brown. Berber- 
oline solutions decompose solutions of platinie chloride, auric chlo¬ 
ride, and ammoniacai nitrate of silver with separation of the metal. 


Pound. 


II. 

III. 

IT. 

V. 

57*22 

— 

— 

— p.c. 

4*60 

— 

— 

“ 

— 

4*Ul 

— 

' JJ 

— 

— 

13*52 

13-45 „ 

4*47 

— 

— 

?» 


Fusion of Berberine with Potash. 

Hlasiwetz and Gilm ( Jahresbericht , 1864, 407), who were the first 
to study the action of melted potash on berberine, obtained by this 
decomposition two new T substances, that is, berberinic acid, 0 8 H 8 Ch + 
H a O, and an acid of the formula CgHgOs. With the object of deter¬ 
mining the constitution of these two acids, I have again taken up the 
study of this important decomposition, the experiment being con¬ 
fine ted as follows:— 

160 grams of caustic potash and 5 c.c. of water were heated in a 
silver dish to about 180° and then 60 grams of berberine slowly added 
in small portions at a time. The berberine on coming in contact 
with the melted potash was rapidly decomposed—little black bails 
being formed at first, which swam about on the surface of the 
liquid, but on stirring, as the temperature gradually rose (to 
240°), these dissolved, forming a dark-brown liquid. During the 
operation—which lasts about an hour—a quantity of thick vapours, 
smelling strongly pf ammonia and guaiaCol, were evolved. The pro- 
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duct was dissolved in water, acidified with, dilute sulphuric acid, 
filtered from a quantity of brownish flocks which separated, evaporated 
to a syrupy consistence, and well agitated with about twice its volume 
of strong alcohol. The potassic sulphate thus precipitated was 
filtered off, washed with a little alcohol, the combined alcoholic solu¬ 
tions gently evaporated on a water-bath, and the residue, dissolved 
in a little water, was repeatedly extracted with ether. The ethereal 
extract after carefully drying over calcic chloride and evaporating 
deposited 5 grams of a dark-brownish, crystalline mass consisting of 
impure berberinic acid. This was purified first by spreading it on a 
porous plate and then by repeated recrystallisation from water. The 
beautiful white crystals thus obtained gave on analysis the following 
numbers:— 

I. 0*1506 gram substance dried at 80° gave 0*0667 gram ILO and 
0*3160 gram C0 2 . 

II. 0*1683 gram substance dried at 80° gave 0*0735 gram H 3 G and 
0*3521 gram C0 2 . 

Pound. 

Theory. ( - A A 

c s h 8 6 4 . i. n. 


C. 57*15 p. c. 57*22 57*05 p. c. 

H. 4*76 „ 4*92 4*84 „ 

O. 38*04 „ 37*86 38*11 „ 


Berberinic acid appears to crystallise with 1 mol. H 2 0, which, 
however, is gradually given off at the ordinary temperatures if the 
crystals are placed over sulphuric acid in a vacuum. The melting 
point of this acid, which is not given by Hlasiwetz and Gilm, I found 
to be about 165°. JSTo accurate melting point can be given, as 
when heated the substance softens at 145°, and then melts with 
evolution of carbonic anhydride at about 165° ; this temperature may 
therefore be looked upon as its decomposing point rather than its 
melting point. 

The other properties of this acid agree in all respects with those 
given by Hlasiwetz and Gilm. 

If a drop of ferric chloride is added to an aqneous solution of 
berberinic acid, a splendid dark-green coloration is produced which, 
on the addition of sodic carbonate solution, becomes first violet, then 
violet-red, and at last deep-red coloured. This reaction, and the fact 
that this acid reduces Behling’s solution and an ammoniacal solution 
of silver nitrate, and gives with acetate of lead a white precipitate 
soluble in acetic acid, shows at once that berberinic acid must be very 
closely related to protocatechuic acid. 1 

As protocatechuic acid on distillation is split np into pyrocatechol 
and carbonic acid, it was thought that,' under similar treatment, 

YOL. LY. . \ ‘ : 7 \ ‘ 
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berberinio acid might give some decomposition-prodact which would 
afford some clue as to its constitution. In order to test this, 2 grams 
of the pure dry acid were heated in a small retort until the evolu¬ 
tion of carbonic anhydride had ceased, and the residue then rapidly 
distilled. In this way an almost colourless syrup was obtained, which 
on analysis gave the following numbers ;— 

0T460 gram substance gave 0*0842 gram H s O and 0*3605 gram C0 3 . 

Theory. 

C 7 H 8 0 2 - Found. 


C. 67*74 per cent. 67*37 per cent. 

H........ 6*46 „ 6*41 

0... 25*80 „ 26*22 


This substance has, therefore, the same formula as homopyrocatechol, 
with which it agrees in all its reactions. It is readily soluble in 
water; the solution reduces Fehling’s solution and ammoniacal nitrate 
of silver. Ferric chloride produces a deep-green coloration which, on 
the addition of sodic carbonate, becomes reddish-violet. There can, 
therefore, he no doubt that berberinic acid on distillation is split up 
into homopyrocatechuie and carbonic acid, thus:— 

c 6 ha = C 7 HA + 00 2 , 

but it is at present difficult to decide the positions of the carboxyl- 
group with reference to the OH and 0H r groups. 

I am at present engaged on the further investigation of oxidising 
agents on berberine and on the alkyl addition-products of tefcrahydrp- 
berberine, and also on a series of experiments on the constitution of 
berberonic acid. 

The completion of these experiments will be somewhat delayed 
owing to an unfortunate fire in the laboratories of the Heriot Watt 
College having consumed a number of new products which had already- 
been prepared. For this reason also I have not been able to complete 
the examination of the substances described in this paper so thoroughly 
as I could have wished. 

I hope, however, at an early date to be able to communicate to the 
Society a further paper on this interesting alkaloid. 

JSeriot Watt College , 

Chemical Laboratory , Edinburgh* 






XIII.— On some Leadhills Minerals . 


By Xop»Mi:sr Collie, Ph.D., F.R.S.E. 

Tin Leadhills in the south of Scotland has long "been known as a 
locality from which many interesting minerals can be obtained. 
Some seemingly are peculiar to the Leadhills district, viz., susanite, a 
double sulphate and carbonate of lead ; and caledonite , a basic sul¬ 
phate of lead containing copper and carbonic acid ; whilst others, 
viz., leadkillite , a mineral similar in composition to susanite ; lanark - 
ite, a basic sulphate of lead; vanadinite and plmnbo-calcite are met 
with only in one or two other localities. 

Most of the minerals, the analyses of which are given in this paper, 
I obtained myself some years ago at Leadhills, the remainder* were 
collected by Dr. Wilson, of Wanlockhead, Leadhills. These I have 
from time to time analysed, with results which I have now collected 
in the following paper. I have also incorporated several analyses 
made by Mr. Wheeler, at the Queen’s College, Belfast. Two minerals 
amongst those which I have analysed do not seem to have been pre¬ 
viously noticed. 

(1.) Flumbo-aragonite , or aragonite containing lead carbonate. 

(2.) Calcium vanado-pyromorphite , or pyromorphite containing 
calcium and vanadic acid, w T ith a small quantity of copper 
hydroxide. 

The investigation of these Leadhills minerals was undertaken for 
several reasons, the chief being to ascertain whether in the large 
number of double carbonates, sulphates, phosphates, &c., found there, 
the constituent salts were present in any simple molecular propor¬ 
tion ; another being to determine which analyses amongst the con¬ 
flicting ones met with in mineralogicai treatises are the most probably 
correct. * 

Leadlvillite . 

This substance is not often found at Leadhills, and for several 
years past, few new specimens have been obtained. It occurs also as 
maxite in Sardinia, The earlier analyses given differ considerably 
from the later ones. At one time it was considered to be a mixture 
of sulphate and carbonate of lead in the proportions PbC0 3 ,3PbS0 4 . 
This, however, is obviously incorrect, for not only does the substance 
contain from 1 to 2 per cent, of water, but there is an insufficient 

# These minerals were first given to Professor Letts' of Belfast, who, afterwards 
kindly handed them over to me for analysis. 
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amount of sulphuric and carbonic acids to combine with tbe whole of 
the oxide of lead. If the earlier analyses are omitted, the carbonic 
acid is found to vary from 8*5—12*1 per cent., as the following* 
analyses will show :— 


Calculated for 

I. II. 4PbS0 4 ,2PbC0 ;i ,Pb(QH) 2 . 

PbO.. 80*7 80*8 80*7 

CO,. 12*1 9*2 9*1 

S0 3 . 7*1 8*2 8*3 

H a O. — 2*0 1'8 


No. 1 is an analysis by Bertrand (Ball. Soc. Gliim Paris, 1873). 
No. II is by Hintze ( Pogg. Ann., 152, 256). 

Three separate specimens of leadhiilite were analysed, and it was 
found that the amount of carbonic and sulphuric acids varied con¬ 
siderably. 

I. 


(I) (b.) (I) ii. hi. 

FbO....... 82-5 82-3 82-1 81-8 81-3 

CO*. 8-6 8-5 8-7 9-8 11/5 

S0 3 . 9-1 9-2 9-2 8-0 7-3 


H,0. 1-5 1-6 1-5 1-6 1-8 

These results seem to point to the fact that leadhiilite varies in com¬ 
position, the ratio between the sulphate and carbonate of lead not 
remaining constant. 

Lanarkiie . 

This mineral is stated by Brooke and Thomson to be a compound 
having the formula PbSO^PbCOa; but subsequent analyses by 
Pisani and by Plight show that it does not contain carbonic acid, and 
this is corroborated by the following analyses III (a) and (b)» 


IH. 

t - A —Calculated for 

I. II. ( ft ). (ft.) PbS0 4 ,PbO. 

PbS0 4 . 57*2 57*7 57*8 57*5 57*6 

PbO ..... 40*6 42*9 41*4 4P8 42*4 


Loss on ignition 0*81 — 0*5 0*5 — 

No. I, Pisani ( Oompt . rend*, 1873). 

No. II, Plight (this Journal, 1874, 103). 

Lanarkite, therefore, unlike leadhiilite, seems to he of constant com¬ 
position. 

Oaledonite. 

Caledonite is one of the rarest of the Leadhilis minerals, and is not 
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often met with. The few analyses given of it differ very considerably, 
the earlier ones of Brooke and Thomson giving 31*9—32*8 per cent, 
of lead carbonate, while Maskelyne and Flight (this Journal, 1874, 
101) find only traces of carbonic acid. 

Flight and Maskelyne.' 



f 

—*-^ 

Found. Mean of 


I. 

II. 

two analrses. 

PbSO*.... 

.. 60*2 

59*5 

59T 

PbO. 

.. 25*1 

26*2 

24*2 

CuO. 

9*4 

9*2 

10*7 

C0 3 . 

.. 1*4 

— 

1*9 

h 3 o . 

.. — 

3*7 

3*5 


These percentages do not agree with any simple formula, and 
caledonite may be a hydrated form of lanarkite, in which the hydrate 
of lead has "been replaced by a variable amount of copper hydrate. 

Linarite. 

This magnificent mineral is met with at Leadhills, but fine 
specimens also occur in Cumberland and elsewhere. It does not 
seem ever to contain carbonic acid, and the analyses agree well with 
the formula PbS 04 ,Cu 0 ,H 2 0 . 





Found. Mean of 

Calculated for 


T. 

II. 

two analyses. 

PbS0 45 Cu0,H 2 0. 

PbSO*.. 

75-4 

74*8 

75*3 

75*6 

CuO.... 

18-0 

19*7 

19*6 

19*8 

H,0 .... 

4-7 

5*5 

5*2 

4*5 


Pyromorphite . 

The specimens of this mineral which are found at Leadhills are 
remarkable for their great beauty of colour, which varies from the 
richest orange to light or dark olive-green. The brilliant orange 
variety has been supposed to contain chromium, and is sometimes 
called chromophosphate of lead, but there are no analyses of any 
pyromorphite from Leadhills containing even a trace of that metal. 
Another variety of pyromorphite often found is light green in colour, 
and in hotryoidal masses with a conchoidal fracture; this seems 
peculiar to Leadhills, and might possibly be mistaken for calamine. 

Various differently coloured pyromorphites were analysed ;— 

Calculated Lor 

Orange, Green. Yellow. 3Pb 3 (P0 4 ).,PbCl 2 . 

PbO.. 81*4 — 81*6 81*7 

PA. 15*7 15*9 15*9 15*6 

01 * 2*6 ..■■■■ 2*6 2 r 8 2*6 
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Arsenic acid was only present in extremely small quantity, Several 
experiments were also made to determine whether the green colour 
was due to an appreciable amount of a ferrous salt, but without 
success; traces of iron were present, but always seemed to be in the 
ferric state. Prom the above analyses, the pyromorphites seem to 
differ but little in composition. 

Yanadinite. 

Although this mineral contains the rare element vanadium, still it 
lias been found in various other localities besides Leadhills. It is 
seldom found at Leadhills in the crystalline condition, usually 
occurring as a deposit on calamine in the form of small granules. 
Two different specimens were analysed:— 


Calculated for 

I. II. 3Pb 3 (Y 0 4 ) sjPbClg. 

PbO .......... 80*0 79*6 78*2 

V2O5 .. 16*7 16*2 19*3 

Cl. 2*5 2*4 2*5 

HoO .. 1*2 1*4 — 


Yarious specimens were tested for phosphoric acid and also for 
chromium, but neither of these substances was present. 

Calcium Yanado-pjromorphite . 

This new mineral occurs in black botryoidal masses, and is 
unlike either pyromorphite or vanadinite in appearance. The frac¬ 
ture is uneven or conchoidal; it fuses easily before the blowpipe, 
leaving a brown granule, which when broken shows a crystalline 
structure. It dissolves readily in hydrochloric acid when warm, and 
leaves a slight residue of a brown colour, which consists chiefly of an 
oxide of iron. Two analyses were made :— 



I. 

II. 

Ratios between the phos¬ 
phates, vanadates, and 
the lead chloride in 
analysis No. I. 

Pha(P0 4 ) 2 . 

52*0 

— 

0-06411 

Pb 3 (T0 1 ) 2 . 

19-2 

— 

GO 

CO 

Ol 

CSi 

0 

0 

Ca 3 (PO*) 2 . 

15-8 

— 

0*0510 J 

PbCl 2 . 

11-4 

107 

0-0410 1-0 

Cu(OH)a . 

1-6 

1-4 


Insoluble residue .. 

' 0-6 

0-5 


The specific gravity is 6*9— 

-7-0. 



The mineral is therefore a pyromorphite in which calcium replaces 












COLLIE ON SOME LEADHILLS MINERALS. 


95 


lead, and vanadic acid replaces phosphoric acid. The amount of 
water (0*4 per cent.) which the mineral loses when it is heated is just 
enough to combine with the oxide of copper, and as there is ah 
insufficient amount of acid to unite with all the bases present, this is 
rendered probable. Unfortunately there was only a very small 
quantity of the mineral, so no further analyses could he made. 

Plumbo-calcite . 

Most of the calcite which is found at Leadhills contains some lead 
carbonate. The transparent crystals contain the least, whilst the 
opaque and vitreous looking varieties contain sometimes as much as 
9*5 per cent. The specific gravity does not vary much (2*7—2*8), 
Six different specimens were analysed, two determinations of lead 
being made in each case:— 



I. 

II. 

III. 

IT. 

Y. 

TI. 

PbC0 3 . 

1*4 

1*2 

1*4 

3*9 

5*2 

3-9 

CaC0 3 (by diff.).. 

98*5 

98*7 

98*5 

96*0 

94*7 

96-0 


Lacroix ( Jahrb . /. Min., 1887, Ref., i, 238-—289) also found that 
in five different specimens of plnmbo-calcite from Leadhills the lead 
carbonate varied from 2*7 to 9*o per cent. This mineral is evidently a 
varying mixture of the two carbonates. 

Plumbo-aragonite . 

It is somewhat remarkable that corussite, which is iso morphous 
with aragdnite, should be found combined with the calcs par in 
plumbo-calcite, and that plumbo-aragonite should be seldom met 
with. That lead carbonate does, however, replace calcium carbonate 
in aragonite is shown by the following analyses of two undoubted 
specimens of aragonite from Leadhills:— 

■ I. ' II. 

PbC0 3 ... 0*8 . . 1*3 

CaC0 3 (by diff.)........ 99*1 98*6 

Professor Heddle (Min. Mag., 5,1—31) has analysed a specimen of 
aragonite from Leadhills, hut did not find any lead in it. 0aC0 3 = 
96*4, SrCO* = 1*7, K 3 0 = 0*6, Na 2 0 = 1*1, H 3 0 = 0*3, 

The specific gravity of plumbo-aragonite does not differ from that 
of ordinary aragonite, and is 2*9. 

Stroniianiie. 

Strontianite is found occasionally at Leadhills in solid, crystalline 
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masses of a brown colour. It contains a certain quantity of calcium 
carbonate. Two analyses have been made:—- 


I. IX. 

S a O... 62*1 65*2 

OaO.... 6*4 3*6 

CO* ...... 31*2 30*8 


I. Tbis analysis was made by Mr. Wheeler. 

Dolomite . 

This dolomite is found often in very fine crystals, and has a pink 
colour due to oxides of iron and manganese:— 



I. 

II. 

OaO... 

. 81-2 

30-6 

MgO. 

. 14-3 

14-5 

FeO. 

. 6-1 

5-3 

Fe 2 0 3 * *.. 

. 35 

4-5 

Mh 3 0 4 . 

. 0-9 

0-8 

C0 3 . 

. 433 

42'6 

Si0 2 . 

. 0-72 

1-9 


I. This analysis was made by Mr. Wheeler. 

Calamine . 

Calamine occurs in considerable quantity at Leadhills, and can be 
obtained either crystalline or in botryoidal masses coloured by oxides 
of iron or copper:— 

Yellow. Blue. 


< *- 

I. II. 



I. 

II. 

I. 

II. 

ZnO. 

.. 59-0 

59-9 

60-6 

62-1 

Si0 2 .. 

.. 31*5 

32-1 

24-2 

24-3 

PbO.. 

.. — 

i-5 

27 

1-9 

FeA. 

.. 1-9 

— 

1-9 

1-2 

CuO. 

.. — 

— 

trace 

0-9 

S. 

.. 2-6 

trace 

— 

_ 

H 3 0. 

.. 4-9 

5*2 

1017 

9-3 


The analyses marked I were made by Mr. Wheeler. 
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XIV.—CONTRIBUTIONS FROM THE LABORATORY OF 
THE UNIVERSITY OF ZURICH. 

II. Piazine-derivaiives. 

By Arthur T. Mason, PAD., F J.C., Senior Demonstrator of 
Practical Chemistry. 

In a paper published in the Berickte (20, 267), entitled £< Ueber 
Condensations-derivate des Aethylendiamins,” I described, amongst 
others, two substances belonging to a class of nitrogenous compounds 
to which, at the suggestion of Professor Merz, I gave the name 
“pyrazines;” this has since been changed to “piazines.”* The 

* In a paper which has just appeared in the Journal f Ur praMische Chemie (38, 
185), Professor Widman discusses the defective nomenclature at present adopted in 
the aromatic, and more especially in the alkaloid series. In many eases, the names 
have been chosen so as to indicate as far as possible the methods of preparation 
first discovered, and then subsequent investigators, seeing the inappropriateness of 
the terms thus given, have adopted new ones, so that in not a few cases we have one 
and the same compound referred to by different investigators under totally different 
names. A good illustration of this is offered in the many changes which the important 
nitrogenous compound, above mentioned under the name of “ piazine,” has under¬ 
gone. Its tetramethyl-derivative was discovered in 1879 by Gutknecht in 
V, Meyer’s laboratory (Per,, 12, 2290), and several other derivatives were imme¬ 
diately afterwards studied by Treadwell and by Treadwell and Steiger (Her., 14, 
1481; 15, 1059), and named at the suggestion of Victor Meyer “ ketines.” At the 
suggestion of Professor Merz I afterwards proposed the name “pyrazines” (Per., 20, 
267), and in the same Journal, Wolff adopted independently the same term (Per., 

20, 425) in bpth instances, with the object of bringing out the analogy with the 
u pyridines.” V._;or Meyer, finding the term “ ketines w inappropriate afterwards, 
and objecting to “ pyrazines ” on the ground that Knorr ( Annalen , 288, 144) had 
already used that term for pyrazole tetrahydride, now proposed “aldines ” (Per., 

21, 20), hut most of the investigators who have worked on this group still adopt 
the name “ pyrazines.” This single instance shows that a state of chaos exists, and 
that some systematic nomenclature is an absolute necessity. In accordance with 
this, Widman has propounded a systematic nomenclature for all compounds 
containing nitrogen in the ring. Every compound is an “ azine ” which 
contains a ring consisting of six atoms of carbon and nitrogen. He calls 
them respectively monazines, diazines, triazines, &c., according as they contain 
one or more atoms of nitrogen. To the “monazines” we should strictly 
have to reckon pyridine and quinoline, but to alter existing names in these 
cases is impracticable and unnecessary. The “diazines” are divided into three 
great classes, according as they contain the nitrogen-atoms in para-, meta-, or ortho- 
position relatively to each other. The first member of the para-class 'would thus 
he styled “ paradiazine,” but as this is rather long, “ piazine ” .can be used. . In 
the meta-class we should have “ mefcadiazine,” which when shortened .gives 
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simplest compounds and types of this class are the hypothetical 
“piazine” and its hesahydride, the latter of which has long been 
known as “ diethylenediamine.” 

H 

/\ 

h 3 c ce , 

H.;C CH. 

\]y/ 

Piazine hexahydride or 
diethylenediamine. 

The derivatives described in the above-mentioned paper were 
t£ phenanthrapiazine (xenylene-pyrazine) dihydride” and ct diphenyl- 
piazine dihydride,” and they were prepared by the action of ethylene- 
diamine on phenanthraquinone and benzil respectively; but in spite 
of their apparently similar modes of formation, I found them to 
possess very different degrees of stability towards acids; for whereas 
the phenanthra-derivative was not altered by concentrated hydro¬ 
chloric acid even at a temperature of 200°, except that a salt was 
formed, the diphenyl-derivative was split up into its constituents even 
by the diiutesc mineral acids. These differences, coupled with the 
fact (see p. 99) that diphenylpiazine dihydride gives by the loss of 
two atoms of hydrogen a very stable base, have led me to the con¬ 
clusions, on the one hand, that the so-called phenanthrapiazine 
dihvdride is in reality only phenanthrapiazine, and, on the other 
hand, that the distribution of affinities is a radically different one to 
that holding in diphenylpiazine dihydride. That the first supposition 
was correct was easily proved by a new series of analytical data. For 
analysis, the substance was fecrystallised from glacial acetic acid, and 
dried at 100°. The following results were obtained;— 

QT432 gram gave 0*0579 gram water and 0*4385 gram carbon di¬ 
oxide. 

0*1540 gram gave 0*0645 gram water and 0*4694 gram carbon di¬ 
oxide. 

0*1500 gram gave 0*0620 gram water and 0*4605 gram carbon di¬ 
oxide. 


ft miazine,” and in the ortho-series we should haye “ orfchodiaziI^e J ,, or better, 
16 oiazine.” From these three parent substances we can have derivatives containing, 
besides the nitrogen-ring, a benzene-ring, to denote which the syllable “ phen” is 
prefixed,. As will be seen, I haye adopted Widman’s nomenclature in this paper, 
finding it most decidedly' the simplest and best. . ^ ,.;. ( , ■; ,, 


A\ 

EC CH 


HO 


CH 


\l-/ 

Piazine (Pyrazine). 
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Calculated for 


Phenanthrapiazine Phenanthra- 


Pound. 


dihydride. 

piazine. 

r~ 



C'16^-12^2- 


I. 

II. 

III. 

0.... 82-76 

83*47 

83*51 

83-12 

83*72 

H.... 5-17 

4*37 

4*49 

4*65 

4*59 


These results point most decidedly to the fact that the compound 
is simply phenanthrapiazine, and this agrees with recent experiments 
made by Strache in this laboratory; he found that in the condensa¬ 
tion of a-propylenediamine with phenanthraquinone, two atoms of 
hydrogen also disappear, phenanthramethylpiazine being formed. 
The difference in the distribution o£ affinities in the two compounds 
is, I think, well expressed by the following formula:— 


/K 


HO 

I! 

HO 

\ 


o— c 6 h 4 

II I 

c-c 6 H 4 

/ 


■N 

Phenanthrapiazine. 


h 2 c oc 6 h 5 
e,c g-c 6 h 5 

Diphenylpiazine dihydride. 


In corroboration of this view I have been able to prepare from the 
unstable diphenylpiazine dihydride, by elimination of two atoms of 
hydrogen, a base which is eminently stable towards acids. 


(2, 3) Diphenylpiazine, 


./S 


HC 

! 

HC 


C-C.B, 


C-C,B ; 


\*/ 




The above-mentioned dihydride melts at 181° to a yellow liquid, 
and if heated for some time about 20° above this temperature, the 
viscous mass thus obtained does not become solid and crystalline 
again on cooling; not until it had stood for several days were any 
signs of crystallisation visible. If, however, the product after two or 
three hours 5 heating at 200° be treated with tolerably concentrated 
hydrochloric acid, the greater part will dissolve on warming, and on 
filtering from undissolved resinous matter a solution of the hydro¬ 
chloride is obtained; on adding water to this until a permanent 
turbidity appears, and allowing it to stand, the new base is deposited 
as a crystalline precipitate, the hydrochloride being decomposed by 
water. On recry stall isation from 50 per cent, alcohol, the substance 
is obtained in large, colourless plates having the melting point 
118—119°. It distils with slight decomposition at about 340°, small 
quantities of benzene' and ammonia being: liberated, ■ ‘and a oar- 
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bonaceous residue being left. Tbe benzene was recognised by 
conversion into aniline, and testing with calcium hypochlorite. 

On finding that the compound was capable of distillation, I imme¬ 
diately tried this method of preparation, and found it decidedly the 
best. The dihydride is quickly distilled from a fractionating flask 
into a porcelain dish. It parts with two atoms of hydrogen, and the 
base distils as a pale-yellow oil, accompanied by a small quantity of 
benzene; this, however, soon evaporates, and the whole on cooling 
solidifies to a mass of prismatic needles which are recrystallised from 
amyl alcohol, and washed with cold light petroleum. The mother- 
liquor is freed from light petroleum and amyl alcohol by distillation, 
and the residue is then redistilled, when a second though small 
portion of base is obtained; this, however, does not crystallise until 
it has stood several days, and even then only partially, owing to the 
presence of another compound in appreciable quantity in the form of 
a thick, light brown syrup. The latter, on oxidation with chromic 
acid in glacial acetic acid solution, gave small quantities of benzoic 
acid, but probably no piaziuecarboxylic acid; it was not further 
investigated. Working according to this method, and starting from 
85 grams of henzil, I got 70 grams of dihydride, and from this 
55 grams of crude distillate which on recrystallisation yielded 
40 grams of almost pure diphenylpiazine. It is insoluble in water, 
easily soluble in alcohol, ether, and benzene. From light petroleum, 
in which it is only sparingly soluble in the cold, more easily on 
heating, it crystallises in beautiful, prismatic needles. The substance 
dried at 130° gave the following results;— 

0T833 gram gave 0*0908 gram water and 
oxide. 

0*1620 gram gave 0*0790 gram water and 
oxide. 

Calculated for 

€ 16 H h N 2 . 

G. 82*75 82*05 

H.. 5*17 5*98 

Diphenylpiazine has only feeble basic properties, being precipi¬ 
tated by water from its solution in concentrated acids. It dissolves 
in concentrated sulphuric acid with a golden-yellow colour which 
on addition of water becomes green; if the solution in concentrated 
acid is heated, it gradually assumes a reddish tinge. If a crystal of 
potassium nitrate be added to the golden-yellow solution in concen¬ 
trated acid, it immediately assumes a pale-green colour; with 
potassium, dichromate, the colour is dirty green. 


0*5595 gram carbon di- 
0*4929 gram carbon di- 

Found. 

i. 2 . 

83-24 82-97 

5-50 5-41 
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The platmochlonde, 2 ,H 2 PtC Is, was prepared by adding 1 

hydrochloric acid to an alcoholic solution of the base, and then 
alcoholic platinie chloride. The salt soon separates in the form of 
long, yellow, prismatic needles which, as the following analyses show, 
are pure. The salt was dried at 100°. 

OTO08 gram salt gave 0*0225 gram platinum. 

0*1923 „ „ 0*0426 „ 

Calculated for 
(C 16 H 12 N 2 ) 2 ,H 2 PfcCl« 

^ Pt.. 22*25 

Ko methyl iodide addition product could he obtained, even on 
heating at 150°, the base behaving in this respect like the previously 
described phenanthrapiazine. 

Dinitrodiphenylpiazine, G 16 H 10 br 4 O 4 , is prepared by warming a solu¬ 
tion of the base in concentrated nitric acid for some time on the 
water-bath. On precipitation with water, an amorphous, yellow 
powder is obtained having a very low and inconstant melting point; 
hitherto I have not been able to obtain this substance in a crystalline 
form. It is easily soluble in hot alcohol, only sparingly in ether and 
benzene, insoluble in water and light petroleum. On rubbing the 
compound in an agate mortar, it becomes strongly electrical, and it is 
only with the greatest difficulty that it can be brought together 
afterwards. For analysis it was dried in a vacuum over sulphuric 
acid. 

0*2058 gram gave 32*6 e.c. moist nitrogen at 21° and 730 mm. 

Calculated for 

C 16 H 10 N 4 O 4 . Found, 

S’. „*.. 17*39 17*30 

Reduction of Dip henylpiasine. 

The method followed was that of Wisehnegradski-Ladenbnrg, 
improved by Bamberger (JBer., 20, 2915), which has yielded such 
excellent results of late. 15 grams of sodium were added quickly to 
about 50 c.c. of almost boiling amyl alcohol contained in a litre flask 
connected with a reflux condenser, and to this was added in a con¬ 
tinuous stream a boiling solution of diphenylpiazine in about 200 c.c. 
of amyl alcohol. The solution of the base is best added by means 
of a long funnel hanging in the condenser tube. Immediately the 
first drop comes in contact with the sodium the whole assumes a 
rich yellow colour,'^and, a rather violent reaction commences. ' The 
contents^ of the flask were kept boiling until, the last, ipa^cle of 


Found. 


L 

22*32 


II. 

22*15 
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sodium had disappeared, and then poured, -while still hot, into about 
half a litre of cold water, the whole transferred to a separating funnel 
and well shaken in order to decompose the amyl alcohol ate. The 
water was then drawn off, and the residue, after washing twice, was 
distilled from a fractionating flask till the temperature had risen 
to about 150° when most of the amyl alcohol had passed over. The 
bases, which on cooling* solidify to a crystalline mass, were dissolved 
in dilute hydrochloric acid, filtered, and the filtrate boiled with 
animal charcoal till colourless. On precipitation with sodium hydrate, 
the bases fall as an almost white, crystalline precipitate composed of 
slender needles. By repeated recrystallisat-ion from light petroleum, 
the mixture can be separated into two portions, from which two dis¬ 
tinct hydrides can be isolated having the constant melting points 
122—123° and 108—109°, the latter being the more easily soluble. 
These compounds are apparently accompanied by a third having a 
much lower melting point. The properties of the bases are so 
similar that it was only by working on considerable quantities of 
ratber expensive material that I was able to prepare enough of the 
two compounds to compare their properties and those of some of 
their derivatives. In the following part of the paper I describe 
merely the experimental results hitherto obtained, reserving theo¬ 
retical considerations for a future communication when I hope to 
have isolated the third base. The two hydrides are referred to as 
% and p respectively, as on analysis they both gave numbers closely 
agreeing with those demanded by diphenylpiazine hexahydride. 

The simplest nomenclature to adopt for the substitution products 
of the “ piazines ” is probably the one made use of in this paper; it 
was suggested by Knorr’s nomenclature for the “ pyrazoles.” The 
following scheme will illustrate its use (Annalenj 238, 137) : — 


(5)HC 


(4) 

/T\ 


(6) HC 


( 1 ) 


CH(3) 

CH(2) 


a (2, 3) Diphenylpiazine Hexahydride, CmHibITs. 

This base crystallises from light petroleum in loug, slender, white 
needles having the constant melting point 122—123°. It is a strong 
base, dissolving readily in dilute acids. Analysis of the substance 
dried at 100° gave the following numbers :— 

01279 gram gave 0*089 gram water and 0*3767 gram carbon 
dioxide. 
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0*1482 gram gave 0*1056 gram water and 0*4372 gram carbon 
dioxide. 

Calculated for 
OisHjsNa. 

C . 80*66 

H. 7*57 

The base is easily soluble in alcohol and benzene, less readily in 
ether and light petroleum, and insoluble in water. 

Hydrochloride , CioHjgN^HCL—The base dissolves readily in dilute 
hydrochloric acid, and on evaporation and standing in the cold the 
salt separates in long, glistening, white needles. For analysis the 
salt was dined at 100°, a previous experiment having shown that 
there was no water of crystallisation in the air-dried salt. Melting 
point about 310°. 

0*137 gram gave 0*126 gram silver chloride. 

Calculated for 

C 16 H 1S N 2 ,2HC1. Found. 

Cl .. 22*82 22*79 

Platino chloride, CieHis^BtPtCls 4- iH 3 0.—The hydrochloride in 
aqueous solution is treated with platinic chloride; on standing, the 
salt separates as a yellow, crystalline powder. It is recrystallised 
from dilute hydrochloric acid and, as thus prepared, forms golden- 
yellow, prismatic needles. The analysis gave the following num¬ 
bers ;— 

0*2499 gram of air-dried salt gave 0*0035 gram water at 100°. 


0*2499 „ ,, 0*0737 „ platinum. 

Calculated for 

Ci S H 18 N 2 ,H 2 PtCl 6 + iK a O. Found. 

H a O. 1*37 1*40 

Pt . 29*61 29*49 


Nitroso-derivative , Ci 6 H 16 IN 6 04 .—The base was dissolved'in dilute 
hydrogen chloride, and to the cold solution an aqueous solution of 
potassium nitrite was added as long as any precipitation took place. 
The white, crystalline powder was collected, washed well with water, 
and recrystallised from dilute alcohol. It separates after a short time in 
white, prismatic needles which, after a second recrystallisation, melt 
sharply at 142—143° to a pale-yellow liquid. It is insoluble in water 
and light petroleum, easily soluble in alcohol and benzene, bnt only 
sparingly in ether. For the nitrogen determination, the substance 
was dried at 100°; the following results were obtained;— 

0*160 gram gave;33*4 c.c. moist nitrogen at 16° and 723 mm. 


Found. 

l ii. 
80*32 80*66 

7*73 7*91 
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JN 


Calculated for 

c 16 h 16 n 6 o 4 . 


23*31 


Found. 

23*13 


The compound lias, therefore, in all probability the following con¬ 
stitution :—- 

N-NO 

NOH'HC \s>C 6 H 6 

I I 

NOH'HC CH-C 6 H 5 

\/ 

N-NO 

The further study of this interesting substance is reserved. 


Action of Methyl Iodide on the ^Hydride , C i6 H 18 hr 2 . 


The base dissolves in methyl iodide to a clear, colourless liquid, 
which on warming on the water-bath to expel excess of iodide and 
allowing it to remain in the cold, crystallises to an almost colourless 
mass, the mother-liquor reacting strongly acid, Becrystallised from 
hot water, it forms long, colourless needles. It was dried at 100° for 
the iodine estimation :— 


0*1515 gram gave 0*0889 gram silver 
0*09077 gram silver iodide. 

Calculated for 


C l8 H 33 N 2 I. 

I.. 32*06 


iodide; 0*1525 gram gave 


Found. 

£ I3L 

31*69 32*14 


It is thus seen that the substance is a hydriodide of the (1, 4) 
dimethyl (2, 3) diphenylpiazine tetrahydride. It is singular that duly 
a monacid salt is formed, the other molecule of hydriodic acid re¬ 
maining in the aqueous solution. 


(1, 4) Dimethyl (2, 3) Diphenylpiazine Tetrahydride , 
CH 2 dtf(CH 3 )*CH*C 6 H 5 

ch 2 *n(oh 3 )*oh;‘C 6 h 5 ? 

is a strong base, and is precipitated in slender, white needles from an 
aqueous solution of the above salt on treatment with sodium carbonate. 
The substance thus obtained, however, is mixed with small quantities 
of a compound of a very low melting point, and it is best to extract 
several times with ether after adding the sodium carbonate, in order 
to free the mixture from this product. The aqueous solution is then 
evaporated to a small volume, and ou standing deposits the new base 
'in 'long, colourless needles,the, melting point 263—264°. It 
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is easily soluble in alcobol and water on warming, but only Yery 
sparingly in ether and benzene. Por analysis, the substance was dried 
at 100°, and the following numbers were obtained:— 

0*1538 gram gave 0*1183 gram water and 0*4560 gram carbon 
dioxide. 


Calculated for 


j* ouna, 

0. 81*20'“ 80*86 

H.. 8*27 8*54 


Platinum Double Salt , (C ls H 2 olS[2)s,2HCl 5 (PtCb)2 -f 8H 2 0. 

Tbe base was dissolved in absolute alcohol, concentrated hydro¬ 
chloric acid added, and then an alcoholic solution of platinic chloride. 
The salt separates as a yellowish-brown, crystalline powder, which 
can be recrystallised from dilute hydrochloric acid. Thus prepared 
the salt forms yellow, prismatic needles, which on analysis give the 
following numbers :— 

f 0*1496 gram air-dried salt gave 0*0127 gram water at 120°. 


10*1496 „ „ „ 0*0343 ,, platinum, 

f 0*1620 ,, „ ,, 0*0130 „ water at 120°. 

10*1620 „ ,, ■0*0372 „ platinum. 

Pound, 

Calculated for r -*-^ 

(C 18 H 22 N 2 ) 3 ,2HCl,(PtCl 4 ), + SH s O. I. II. 

H 2 0 . 8*53 8*48 8*02 

Pt. 23*03 22*92 22*96 


The salt for analyses I and II were from different preparations. 

(3 (2, 3) Diphenylpiazine He&ahydride, 

This base is more easily soluble in light petroleum than the fit-com¬ 
pound, and remains in the filtrates together with small quantities of 
the base of low melting point above mentioned, from which, however, 
it is difficult to completely separate it. The most suitable solvent is 50 
per cent, alcohol, from which it separates in long, silky, white needles. 
By repeated recrystallisation, the melting point ultimately becomes 
constant at 108—109°. When freshly prepared'and still moist, the 
needles present a glistening, silky appearance, but on drying they 
become dull white, the change being is all probability due to the loss 
of water or alcohol of crystallisation ; the distinction between the «- 
and /1-compounds being very marked. Like the a-base, it is, easily 
soluble in alcohol and benzene, less so in ether, and insoluble in, water: 
it. 'has,: strong ■ basic 'properties, dissolving easily in dilute mineral 
, ',:T0 Lu,;iiV." . , J, :> ; . . . , , ' ,Y : '. 'I, ;V 
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acids. For analysis, the substance was dried in a vacuum over 
sulphuric acid; the following results were obtained:— 

0*1527 gram gave 0'1103 gram water and 0*449 gram carbon dioxide. 


0*1409 „ 0*099 „ „ 0*4416 „ 

0*163 „ 19 c.c. moist nitrogen at 25° C. and 720 mm. 

0*1863 ,, 20*3 ,, ,, 10 C. ,, 72o „ 

Found. 

Galctdated for f - A - 

o 16 h 18 n b . I. II. 

0. 80*66 80*19 80*25 

H.. 7*57 8*02 7*80 

hi . 11*76 12*31 12*03 


Hydrochloride, Ci 6 Hi 8 K 2j 2HCL—The base is dissolved in alcohol, 
concentrated hydrochloric acid added, and the whole allowed to 
stand, when the salt separates in colourless, prismatic needles. The 
melting point is about 295°. As the air-dried substance contains no 
water of crystallisation, it was dried at 120° for analysis:— 

0*1520 gram gave 0*1384 gram silver chloride. 

Calculated for 

C 16 H 18 No, 2HCL Found. 

Cl. 22*82 22*57 

Platinochloride , C 16 H 18 17 2 ,H 2 PtCl 6 -f 2H 2 0.—The base is dissolved 
in 95 per cent, alcohol, concentrated hydrochloric acid added, and 
then an alcoholic solution of platinic chloride. On standing, the 
solution deposits long, pale-yellow needles, which as the following 
analyses show are pure;— 

0*1201 gram air-dried salt gave at 120° C. 0*0064 gram water. 
0*1201 ' „ „ „ „ „ 0*0067 

0*1210 „ „ „ „ 0*0339 gram platinum. 

Found. 

Calculated for r - * -. 

C 16 H 1s N 2 ,H 2 PtCl 0 + 2H 2 0. I. II. 

H 2 0. 5*26 5*32 5*54 

■Ft. 28*44 — 28*01 

On oxidation with chromic acid in glacial acetic acid solution, 
(2, 3) diphenylpiazine gives a phenylpiazinecarboxylic acid, which 
yields well-characterised salts. The melting point is about 202°. 
This, as well as other products, shall be described in a future paper. 
In conjunction with Mr. L. A, Dryfoos, to whom I am indebted for 
several of the analyses in the above paper, I am studying, the action 
;, ; <rf/''ethyi^editedne on the recently discovered a-diketones of the 
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fatty series, and have already obtained interesting results which we 
hope to communicate to the Society at no distant date. I cannot 
close this paper without expressing my thanks to Professor Victor 
Merz for Ms kindness and valuable advice during the whole of my 
student life at Zurich. 


XV—CONTRIBUTIONS FROM THE LABORATORY OF THE 
UNIVERSITY OP ZURICH. 

No. III. Acetamide and Phenanihracjidnone . 

By Arthur T. Mason, PUD., F.I.C. 

During experiments undertaken some time ago with the view of ascer¬ 
taining whether the amido-groups in oxamide were available for 
condensation purposes, I had occasion to heat that substance in 
closed tubes with phenanthraquinone and glacial, acetic acid for some 
hours at 220—230°. The tubes *were then found to contain consider¬ 
able quantities of a dark-red, crystalline substance, and on opening 
them a great deal of carbon^ monoxide and dioxide escaped. This led 
me to the conclusion that the oxamide, at least to a great extent, had 
undergone decomposition with formation of these gases, and that pro¬ 
bably the amido-groups had reacted with the quinone. Some tubes 
were now filled with oxamide and glacial acetic acid alone, and heated 
as before for four hours to 220—230°, in order to see if at this tem¬ 
perature any reaction took place in the absence of phenanthra- 
-qninone.* The whole of the oxamide had now disappeared, leaving a 
perfectly clear and colourless solution, and there was a great pressure 
on the tubes, the same gases escaping on opening as in the previous 
experiments. The whole was submitted to distillation from a frac¬ 
tionating, flask. After the excess of' acetic acid Lad gone over, the 
thermometer rose rapidly to about 210°, and between that temperature 
and 215° almost the whole distilled as a colourless liquid, solidifying 
in the receiver to long needles and having a slight odour of acetamide. 
By recrystallisation from ether or benzene, the substance entirely' lost 

1 # The action of formic acid and acetic anhydride on oxamide was studied by 
Seheitz, Marsh, and 'Greuiher in 1868 (Zeitschrift. 1868, 301). They' state that 
acetic anhydride is without action on oxamide at 140—160°. This is also' my. 
experience at that temperature, but at 220—260° the reaction is complete, as shown 
above, even with glacial acetic acid. „■ 
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the acetamide smell and was then considered to be free from that' 
substance. On combustion of the compound, dried in a vacuum over 
sulphuric acid, the following results were obtained:— 

01935 gram gave 0*1528 gram water and 0*2890 gram carbon 
dioxide. 

0*1248 gram gave 27*5 c.c. nitrogen at 21° C. and 730 mm. 

Calculated for 

C 2 H 6 NO. Found. 


0.. 40*67 40*73 

E. 8*47 8*77 

JST. 23*72 24*07 


These numbers, as will be seen, are the ones required by acetamje, 
and taking into consideration the other properties of the substance, I 
was forced to the conclusion that I had in reality acetamide In my 
hands, but freed from the smell which had hitherto been supposedto 
be its principal characteristic. To finally decide the point, pme 
acetamide obtained from Kahlbaum was redistilled and then recrys- 
tallised several times from absolute ether, whereby a perfectly 
odourless product was obtained, crystallising exactly like and in all 
respects Identical with the one I had prepared from oxamide. It even 
suffices to rectify twice, rejecting the first portions of the distillate, 
which seem to contain the bulk of the odoriferous principle, in order' 
to obtain a practically pure preparation. 

Quantities of 20 grams of perfectly pure acetamide distilled com¬ 
pletely at 213*5—214° (corn 216*5—217° C.), with the barometer at 
728 mm., and Kahlbaum’s preparation twice rectified as above, dis¬ 
tilled at exactly the same temperature, 

I have since heard that results similar to those here described in 
connection with acetamide have been obtained in another laboratory. 
That my observations are the older ones, however, is clear from the 
fact that mention thereof was made by Professor Merz in his lectures 
over two years ago. 

After the fact had thus been established that acetamide is one 
of the products of the action of acetic acid on oxamide, it was 
thought that this substance might also be a principal factor in 
the formation of the crystalline red compound mentioned above. 
Phenanthraq n inone was therefore heated in sealed tubes with acet¬ 
amide and glacial acetic acid, and, as expected, large quantities 
of the red, crystalline compound were obtained, It proved on 
investigation to be a very indifferent substance, the only solvents 
found being aniline, nitrobenzene, and phenol. It was repeatedly re¬ 
crystallised from nitrobenzene, and ultimately, obtained in the form of 
yellowish-brown, flat needles, having a melting point about 400k 
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Great inconvenience was at first caused during its combustion, tlie 
carbon being deposited in a graphitic form on the sides of the tube and 
in the boat, and rendering it necessary to heat for several hours in a 
current of pure oxygen , before complete oxidation was effected. 
Working according to this method the following results were obtained 
on analysis. The substance for I was recrystallised from nitrobenzene 
five times, then washed with ether till odourless, and dried at 120°. 
For II, a sublimed sample was used :— 

0T692 gram gave 0*0704 gram H 2 0 and 0*5440 gram C0 2 . 


0*1330 „ 0*0566 „ „ 0*4335 

0*2045 „ 13*4 c.c. moist nitrogen at 18*5° C. and 728 mm. 

0*2145 „ ^ 14*5 c.c. „ „ 21° „ 726 „ 

Found. 

Calculated for ( - K -^ 

C 28 H 16 N 2 . I. II. 

C . 88*42 87*68 88*88 

H. 4*21 4*62 4*72 

]N. 7*36 7*21 7*33 


The substance possesses, therefore, in all probability the empirical 
formula (C u H 8 ) 2 bJ 2 , which is also that of a compound isolated by 
Seminaruga ( Jahreshericht , 1880, 735) from the products of the action 
of alcoholic ammonia on phenanthraquinone, and by Japp and 
Burton by the distillation of ditolane-azotide over heated soda-lime. 
The latter authors proved that it was an azine and gave it the 
name tetraphenylene-azine (Japp and Wilson, Trans., 1886, 830, 
footnote, and Japp and Burton, ibid., 1887, 101). This, according 
to Widman’s nomenclature (see previous paper), would become 
diphenanthrapiazine. 

The compounds obtained by these different methods agree in their 
properties, and there can be little doubt that we have to do with one 
and the same substance. The yield by the above method is almost 
theoretical. 
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XYL —Note on Fluoride of Methyl. 

By Xormax Collie, Ph.D., P.R.S.E. 

In a paper published in the Gomptes rendus (1888, 107, 1155), a new 
method is described by Moissan and Meslans for the preparation of 
fluoride of methyl. But as they do not seem to be aware that Dr. 
Lawson and myself prepared this substance by the action of heat on 
the fluoride of tetramethylammonium, I now take the opportunity of 
bringing before this Society the results of some further experiments 
made with this gas, although they are not yet completed. Determina¬ 
tions have been made of the vapour-pressures of methyl fluoride at 
various temperatures; the sp. gr. and critical point have also been 
ascertained; and the combined action of chlorine and sunlight on this, 
gas has been studied. 

The method given by Moissan for the production of methyl fluoride, 
namely, the action of methyl iodide on silver fluoride, is hy no. 
means so easily' carried out as the one employed by Lawson and 
myself, for the products of the reaction have to be passed through a 
lead spiral cooled to —50°, and then over silver fluoride heated to 90°, 
in order to free the gas from traces of iodine and methyl iodide. By 
the action of heat on fluoride of tetramethylammonium, a mixture of 
pure trimethylamine and methyl fluoride is produced, and the former 
can be completely absorbed by passing the vapour through a JJ-tube 
filled with pumice stone moistened with strong sulphuric acid, leaving 
the methyl fluoride perfectly pure. 

A determination of the sp. gr. of the gas gave 17*38 as compared with 
hydrogen, the theoretical sp. gr. being 17*05, The following measure¬ 
ments of some of the physical constants of methyl fluoride were made 
in conjunction with Professor Ramsay. A modified Andrews ap¬ 
paratus, of which a drawing and description is to he found in the 
Philosophical Transactions (1887, A, p. 59), was employed. Its volume 
tube was filled with methyl fluoride hy repeatedly exhausting and 
admitting the gas. The gas was then compressed and liquefied. The 
following table shows the vapour pressures of methyl fluoride. The 
pressures, it should be remarked, are absolute, the actually read 
pressures in the air gauges being converted by means of Amagat’s 
measurements of the compressibility of air. The lower temperatures- 
were secured by jacketing with water • the higher temperatures, which 
are more accurate, by means of alcohol vapour boiling under reduced 
pressures, (See Trans., 1885, 47, 640.) 
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Temp. 

Press. 

Temp. 

Press. 

Temp, j 

Press. 

Q 

IQ 

1 

mm. 

11865 

15° C. 

mm. 

23003 

i mm. 

35° C. ; 86204 

0 

! 14696 

20 

25621 

40 

404-96 

5 

17740 

25 

! 2S840 

45 ; 

46010 

10 

20091 

30 

32756 

— | — 


A second series was obtained with, gas presumably not so pure, 
inasmuch as the numbers are somewhat higher. Still the methyl 
fluoride must hare been even then very nearly pure, as the following 
results at 40° show:— 


mm. | mm. 

(a.) All liquid . 42962 j ( d .) Trace of liquid . 41951 

(5.) Half gas ...... 41584 j (e.) Smaller trace .. 41052 


(c.) Liquid gone- 39868 j (/.) Minute trace ... 40622 

It will be observed that the last observation is nearly coincident 
with that of the former series at 40°. In each series, the small bubble 
of air was absorbed by the liquid without "much rise of pressure. 

The critical temperature and pressure were determined by direct 
observation. It need hardly be remarked that a laborious series of 
researches is necessary to determine the point accurately; for it can 
only be ascertained by constructing sets of isothermals, and deducing 
from them the true temperature, pressure, and volume. Still the 
numbers may be regarded as far more accurate than many similar 
determinations. The substance assumed the critical state at 44*9°, 
and at a pressure of 47123 mm.; here again, the pressure is probably 
a little too high owing to the presence of a trace of air; and the tem¬ 
perature too low. The error in pressure probably does not exceed 
1500 mm., and the temperature 0*2°. 

Action of Chlorine on Methyl Fluoride . 

When chlorine and methyl fluoride are mixed in equal volumes and 
exposed to sunlight, substitution of the hydrogen in the methyl 
fluoride'takes place at once, and in a few hours the mixture becomes 
quite colourless. Several experiments were made, and always with 
the same result, a chlorofluoride of methylene and hydrogen chloride 
was produced, and no diminution occurred in the volume of the gas; 
equal volumes of the two gases were formed. In one experiment, the 
amount of hydrogen chloride produced was titrated with decinormal 
ammonia solution. 128*5 c.c. of methyl fluoride were mixed with 
128*5 c.c. of pure chlorine, and exposed in the sunlight for three 
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hours; the amount of hydrogen chloride obtained was O'207 gram, 
while the amount required by theory is 0*209 grain, supposing the 
reaction to take place as follows :— 

CH 3 F + Cl 2 = CHoCIF + HOI. 

The methylene cblorofluoride seems to be more soluble in water 
than fluoride of methyl, but is easily expelled again when the aqueous 
solution is wanned. This property can be made use of in purifying 
the gas from traces of air. 

The sp. gr. of the gas was found to he 34*18, while the theoretical 
sp. gr. is 34*25. The gas is hardly inflammable, and considerable 
difficulty was experienced in exploding it with oxygen alone, the 
combustion only taking place when a powerful electric spark was 
passed through the mixture ; when mixed, however, with hydrogen 
and oxygen, it explodes easily with an ordinary electric spark. 

Several analyses were made, with the following results :— 

I. I. III. 

Taken of gas .. 4*1 c.c. 8*5 c,e. 8*5 c.c. 

Carbon dioxide produced .. 4*0 „ 7*5 „ 8*0 „ 

Thus showing that the gas produced its own volume of carbon 
dioxide after combustion. 

An estimation of the chlorine was also made; 0*03526 gram gas 
gave 0*072 gram AgCl = 50*6 per cent. Cl. 

Calculated for 

Found. CH.C1F. 

Cl ... 50*5 51*8 

An attempt was made to estimate the fluorine, but the results were 
3 per cent, too low. 

Methylene cblorofluoride seems to he much more easily decom¬ 
posed by water than methyl fluoride, for if an aqueous solution of 
this gas be allowed to stand for two or three days, both hydrochloric 
and hydrofluoric acids can be detected in the water. 

Methylene cblorofluoride does not seem to react easily with chlo¬ 
rine, and the two gases when mixed in equal volumes and exposed to * 
sunlight for many days, remain partly uncomhined. I hope, however, 
to he able to continue the investigation. 

I may mention that experiments made to obtain tetrafluoride 
of carbon, by passing a mixture of fluoride of silicon and carbon 
dioxide through a platinum tube heated to bright redness, were not 
successful. Silica was certainly formed in the platinum tube, and 
traces of a liquid were obtained which might possibly have been 
tetrafluoride of carbon, but unfortunately only in such small quanti¬ 
ties that no analysis could be made. 
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During these experiments, when the mixture of carbon dioxide 
and silicon tetrafluoride was passed through a red-hot platinum tube, 
the following piece of apparatus was found to he extremely useful, 
and might doubtless be also used in many other experiments where 
the same result is desired. The object was to enable a continuous 
stream of the same gas to be slowly passed again -and again through 
the red-hot platinum tube. 



A was connected with the platinum tube, beyond which was a 
balloon (with two stopcocks) containing the mixed gases. B was 
connected directly with the balloon. The tube C was made of the 
ordinary glass tubing, such as is used for the Sprengel pump. When 
the receiver D was filled with mercury and raised just high enough 
to allow the mercury to flow down the tube 0, gas was carried down 
with the Tailing, mercury into the wider tube Ej here the mercury 
.'escaped into the basin F, while the gas was forced through B back 
again into' the balloon, and was then ready to' he used again. 
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XVII.—J Researches on the Constitution of Azo- and Diazo-derivatives. 

V. Compounds of the Naphthalene ft-Series —continued. 

By Raphael Meldola, F.R.S., and Gilbert T. Morgan. 

In the last paper referring to the present branch of investigation 
(Trans., 1888, 460; Meldola and East), it was shown that the azo¬ 
derivatives of f3-naphthol contain an atom of hydrogen capable of being 
displaced by acid radicles, a property which they share in common 
with their ^-analogues (Zincke and Bindewald, Ber., 1884,3030). Of 
the alkyl-derivatives of the azo-/3-naphthol compounds, the only re¬ 
presentative at present known is the benzeneazo-/1-naphthyl ether of 
Weinberg (Ber., 1887, 8171). The importance, from a theoretical 
point of view, of ascertaining whether this displaceable hydrogen- 
atom of the azo-jS-naphthol compounds is attached to the oxygen or 
to the nitrogen of the azo-group has from time to time been pointed 
out in the course of the present series of researches, and has recently 
been emphasized in a paper read by one of the authors at the Bath 
meeting of the British Association ( PhiL Mag., 1888, 403). The 
present paper contains the results of experiments undertaken with 
the object of throwing further light on this question. 


I. Benzoyl-derivatives of Azo-fi-Naphthol Compounds. 

Acetyl-derivatives of azo*/3-naplitkol compounds can be prepared, 
as pointed out in the last paper, by two distinct methods. If the 
radicle attached to the azo-group is more or less of an acid character, 
such as nitrophenyl, CcHpNOo (p or m), the corresponding /2-naph- 
thylamine azo-compound is attacked by nitrous acid in the presence 
of glacial acetic acid, with the formation of the azo-naphthyl acetate 
(loc. cit p. 465).* This method does not appear to he applicable 

* The formation of phenylic acetates from the corresponding amines, by means of 
the diazo-reaetion in the presence of glacial acetic acid, was made known in a paper 
communicated to the Chemical Society of Germany on January 24th, 1888 (Bar,, 
1888, 601), and in a subsequent paper read to this Society (Trans., May, 1888, 
465), it was stated that “ as the reaction promises to be widely applicable for the 
synthesis of phenylic acetates and other ethereal salts, it is proposed to extend the 
investigation in this direction, and to make a special study of the conditions which 
determine the displacement of amidogen by the C 2 H 3 0-O-group by means of the 
diazo-reaetion/’ Notwithstanding the publicity thus given to the method, and the 
explicit claim to continue its further investigation, a paper appeared in the Amer* 
Cham. Jour, of .last September (10, 368) by W. E. Orndorff, containing the 
"results of the application of this reaction for the formation of phenyl, cresyl, and 
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when the radicle attached to the azo-group is not acid, such as 
phenyl or naphthyl, C 6 H 5 , O 10 H 7 , &c., in the azo-/3-napbt hy lamine com¬ 
pounds. In such cases, however, azo-/3-naphthyl acetates can he 
prepared by the direct acetylation of the azo-/3-naphthol compounds 
by means of sodium acetate and acetic anhydride, and the same 
method is generally applicable, whatever may be the nature of the 
radicle associated with the azo-group. The same remarks apply to 
the benzoyl-derivatives of azo-/3-naphthol compounds, some of which 
have been prepared by both methods in the manner described below. 


Benzeneazo-ft-Naphthyl Benzoate , C 6 H 5 dN 2 *OioH e ' 007 H 5 0 (ft). 

This compound cannot be prepared by fusing benzeneazo-j3-naph- 
thylamine with excess of benzoic acid, and adding the calculated 
quantity of sodium nitrite to the mixture : complete decomposition 
takes place under these circumstances with the formation of tarry 
products, A mixture of benzeneazo-/3-naphthol with dry sodium 
benzoate and benzoic anhydride, if heated for some hours to the fusing 
point of the anhydride, gives only a small yield of the azo-/3-naphthyI 
benzoate, owing to the difficulty of keeping the mixture in a homo¬ 
geneous fluid condition, and to the continuous loss of anhydride by 
sublimation. After many partially successful attempts with benzoyl 
chloride, the following method was found to give perfectly satisfactory 
results :— 

JBenzeneazo-/3-naphthol is mixed with about an equal weight of dry 
and finely powdered sodium benzoate, and the mixture is then made just 
pasty with benzoyl chloride. The flask containing the mixture is fitted 
with a cork perforated for the reception of a tube drawn out to a fine 
point, and heat is applied by immersing the flask in boiling water.* 
The reaction commences immediately on the application of heat, and 
is complete in about an hour, when the product is repeatedly extracted 
with hot water as long as benzoic acid is dissolved out. The contents 
of the flask fuse to a dark reddish oil under boiling water, a property 
which facilitates the washing operations, as the oil and hot winter can 
be thoroughly mixed by agitation, and the former rapidly subsides to 
the bottom of the flask on allowing the contents to remain at rest for 
a few minutes. The benzoyl-derivative is easily decomposed by 

other acetates from aniline, toluidine, &c. The investigation of the method has 
been going on in my laboratory since the beginning of lasts year, and these anti, 
other acetates and benzoates had been prepared from the diazo-salts of the corre¬ 
sponding amines before the appearance of the paper by the author referred to. 
—R, M. 

# At higher temperatures the reaction takes ■ a different course * tarry products 
are, formed which have not been further investigated. 
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ammonia, even when the latter is very dilate, so that it is unsafe to 
attempt to shorten the washing by the use of ammonia. In some of our 
first preparations, unaltered benzeneazo-/3-naphthol was always found, 
and this was afterwards traced to tbe use of ammonia in the washing 
waters. Sodium or ammonium carbonate also readily hydrolyse the 
benzoyl-derivative, and it is evident that the benzoyl-group is much 
more readily removed from this compound than is the acetyl from 
benzen e az o - /3-nap h thy 1 acetate. When completely washed, the sub¬ 
stance is crystallised from boiling alcohol, in which it dissolves readily. 
A specimen -was further purified for analysis by dissolving in chloro¬ 
form, in w r hich it freely dissolves in the cold, and allowing the solvent 
to evaporate spontaneously in an open dish. The substance forms 
dense, orange-red crystals melting at 125°. 

0*1025 gram gave 0*2951 gram C0 2 and 0*0438 gram H 2 0. 

0*0894 gram burnt in a vacuum with CuO gave 5*9 c.c. moist ST at 
13° O., and 770*1 mm. bar. 


Calculated for 

H 23 H 16 N 2 0 2 . Found. 

C... *78*41 * 78*52 

H. 4*55 4*74 

jNT. 7*95 7*90 


Metanitrobenzeneazo-fi-Naplitliyl Benzoate , 

(m)l STO 2 *C 6 H 4 *K 2 *C 10 H 6 *0C 7 H 5 O(/3). 

Metanitrobenzeneazo-p-naphthylamine (m. p. 182°) is fused with 
excess of benzoic acid, and tbe calculated quantity of dry sodium 
nitrite added in small portions to the fused mixture. ISTitrogen is 
freely given off, and when all the nitrite has been added, the product 
is washed with hot water till free from benzoic acid. The washing 
may in this case be accelerated by the use of dilute ammonia without 
fear of decomposition. The washed product is crystallised from hot 
glacial acetic acid, in which it is not very soluble, and finally from 
boiling alcohol, in which it dissolves only very sparingly, separating 
on cooling in the form of dull, reddish-orange, silky needles. The 
melting point is 171°. The following results were obtained on 
analysis: — 

0*1676 gram gave 0*4280 gram C0 2 and 0*0612 gram H 2 0 

0*2196 gram burnt in a vacuum with CuO gave 19*8 c.c. moist 1ST 
at 17° 0. and 761*7 mm. bar. 


Calculated for 

C 23 H 15 N 3 0 4 . Found. 

0 -V. ,. 69*52 69*64 

H ....-. 3*77 4*05 

h r ... 10*57 10*48 
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The substance is formed in this process according to an action 
perfectly similar to that which gives rise to the production of the 
acetate. 

QA<J^ + STaNO, + 2C,H 5 0-0H = 

CioH 6 <q.'q_jj q + C 7 H.O-Ohra. -f- ir 3 4. 2H«0, 

The benzoate may also be prepared by direct benzoylation, and this 
method is much more convenient when the compound is required in 
quantity. For this purpose, metanitrobenzeneazo- -naphthol (m. p. 
194°) is mixed with about its own weight of dry powdered sodium 
benzoate, and enough benzoyl chloride added to make the mixture 
into a paste. The contents of the flask are then kept just at the boil¬ 
ing point of tbe benzoyl chloride for 4—5 hours. The product is 
washed with dilute ammonia, and purified by crystallisation in the 
manner already described. 

II. Reduction of Azo-ff-Naphthol-derivatives containing Acid Radicles. 

In order to see whether any information concerning the position of 
the displaceable hydrogen-atom conld be derived from a study of the 
products of reduction of the acetyl and benzoyl-derivatives, these 
compounds were reduced with tin and hydrochloric acid and with 
stannous chloride under various conditions. 

Reduction of Benzeneazo-fi-Napltthyl Acetate. 

An alcoholic solution of the above compound is soon decolorised 
if boiled with tin and hydrochloric acid. On distilling off the alcohol 
and filtering to remove tarry impurities, the filtrate on standing 
gradually deposits a white curdy substance, which under the microscope 
is seen to consist of agglomerations of white needles. The addition 
of strong hydrochloric acid to the solution promotes the deposition of 
the ybite compound. The latter was therefore purified by being 
collected, dissolved in hot water, filtered, and reprecipitated by the 
addition' of strong hydrochloric acid, this treatment being repeated 
till the substance dissolved without leaving any residue. The white 
substance thus obtained proved to be the hydrochloride of a mixture 
of bases. Many specimens were prepared and analysed without- any 
concordant results , being obtained; all attempts to separate , the 
mixture into its. constituents by fractional crystallisation or by con¬ 
version into other,salts were unsuccessful. The free bases could not 
be isolated owing to their extremely oxidisable character. , This pro¬ 
duct of 1 reduction contains a considerable quantity of a-amido-p-naph- 
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thol, tlie presence of the latter compound being shown by the formation 
of /3-naphthaquinone on oxidation by ferric chloride. 

In spite of the unfavourable results obtained in our first experiments, 
tlie reduction was repeated, an alcoholic solution containing the 
theoretical quantity of stannons chloride being gradually mixed with 
a slightly warm alcoholic solution of the substance. After the mixture 
had stood for some hours, the alcohol was distilled off, and the product 
treated as above. The same white hydrochlorides were obtained, hut 
the substance was evidently a mixture, and a-amido-/1-naphtliol was 
identified as one of its constituents as before. The analyses showed 
that in this case the mixture contained different proportions of the 
bases from those present in the product formed by violent reduction 
with tin and hydrochloric acid. In both series of experiments, the 
filtrate, after the removal of the white hydrochlorides first deposited, 
was treated with sulphuretted hydrogen in order to remove tin, and 
after the removal of the stannous sulphide the filtrate was evaporated 
to a small bulk, made alkaline with caustic soda, and submitted to 
steam distillation, when a considerable quantity of aniline was obtained, 
showing that this base is one of the products of reduction. 

According to the current hypotheses of the constitution of the azo- 
j3-naphthol compounds, the acetyl-derivative of benzeneazo-/I~naplithol 
may have one of the following formulae:— 


CoH 3 0 

1 

°“ H4 <0-<W>' C 1 ,Ho<o>^C 6 H 5 - 

I.* II. 


/O 

C io h/|. 

WN(G ! H 3 0)-0 6 H 5 

III 


The first of these is what may he called the old formula, the second 
is that proposed by Liebermann, and the third is Zineke’s, that is, the 
hydrazone formula. 

Supposing the compound to be capable of complete reduction 
without the elimination of acetyl, these three compounds might be 
expected to yield the following products :— 

I. Aniline and # - araido-/3-naphthyl acetate. 

II. Aniline and ^-acetamido-^-naphthol. 

III. Acetanilide and «-amido-/3-naphthol. 

We may state at once that a most careful search for acetanilide in 
the product of reduction has led to negative results. If the acetyl 
were attached to the nitrogen-atom it is improbable that this group 
would be removed under the conditions of reduction, since acetanilide 
is well known to.be a stable compound under such circumstances. 
The third formula appears therefore to be inadmissible, unci'.'the' 
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decision rests between NTos. I and II.* A complication of the 
question, however, here arises from the possibility of intramolecular 
migration of the acetyl. Thus, according to the formulae, the 
naphthalene portion of the molecule ought to give on complete 
reduction— 


C; 


TT Ho. ..... (&) 

i 0 m 6 < o .c 2 H 3 O..C^) 

I. 


A<oI { .^ 0) ” (a) 


II. 


(/*)• 


The investigations of Bottcher 1883, 1938) have shown that 
such a compound as No. I is incapable of existence, as it immediately 
becomes transformed into No. II. This was proved by preparing the 
acetyl-derivative of a-nitro-^-naphthol and reducing the latter, when 
a phenolic substance, viz., acetamido-/3-naphthol, was obtained instead 
of the basic amido-/^naphthyl acetate. The acetyl-group accordingly 
becomes transferred from the oxygen to the nitrogen, probably 
through the intermediate formation of the anhydro-base and hydra¬ 
tion of the latter :— 

C w H g < q.qqopp — HoO = Ci 0 H g < o >C-CH 3 , 


C 10 H 6 <o>C-CH 3 + H s O = C l0 H 6 <gf • COOH =. 


Whichever of the formulse (I or II) be the correct one, it might 
therefore be expected that extreme reduction would give rise to the 
same a c etarni do - /3-naphthol, The latter is a perfectly stable phenolic 
substance melting, according to Bottcher, at 225°. It does not appear 
to fee present, however, among the products of reduction of benzene- 
azo-@-naphth.yl acetate, obtained by us in accordance with the method 
previously described. Caustic soda does not dissolve any stable sub¬ 
stance out of the mixed hydrochlorides, but simply gives a mixture of 
highly oxidisahle bases, the chief constituent of which is undoubtedly 
#-amido-/3-naphthol. The extreme reduction of the acetate therefore 
gives rise to the formation of aniline and a-amido-/3-naphthol as chief 
products, a fact which is in itself of considerable importance in 
connection with the present line of’ investigation, since it shows that 
the acetyl-group is split off during reduction, and this lends support 
to the view that the said radicle is attached to oxygen, and not to 
nitrogen, in the original compound. 

* 'The formula proposed by one of the authors (Meldola, JPhiL Mag. y Nov. 1888, 
p. 411) is for the present left out of consideration, because it indicates the formation 
of products of reduction identical with those indicated by No. I, 
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Identification of x-Amido-fi-Naphthoh 

At this stage of the work, seeing that the products of reduction of 
the acetyl-derivative contained some other base in addition to amido- 
/3-naphthol, it became necessary to discover a method by which the 
mixed bases could be converted into stable derivatives capable of 
being separated and characterised. The identification of the amido- 
naphthol itself presents but little difficulty, since it gives /3-naphth.a- 
quinone on oxidation with ferric chloride. It is well known, how¬ 
ever, that the formation of this quinone is somewhat capricious, and 
when formed it is not easy to identify, unless in a condition of 
tolerable purity. The quinone could not be obtained pure from our 
mixed hydrochlorides, because the oxidising agent also attacked the 
other base with which the amidonaphthol was mixed, and so gave 
rise to the formation of impurities of a resinous character. The 
method of oxidation being thus destructive to the other base, had to 
be abandoned. It was then found that the purified hydrochlorides 
when dissolved in water and treated in the cold with dilute hydro¬ 
chloric acid and sodium nitrite, gave a crystalline, yellow substance 
which, after being collected and washed, was identified as nitroso-/3- 
naphthol (melting point about 110°). This last substance is formed 
by the action of nitrous acid on a-amido-/3-naphthol, according to a 
process of decomposition which has not hitherto been studied, but 
which has also been observed by Dr. H. E. Armstrong.* The action 
of nitrous acid thus confirms the presence of a-amiclo-iS-naphtho], but 
as this reagent did not appear to give a satisfactory product with the 
other base its use was also abandoned. Benzoyl and acetyl-deriva¬ 
tives of the mixed bases were next prepared, and these promise %fco 
answer our requirements, so that in the first place the benzoyl and 
acetyl-derivatives of pure a-amido-/3-naphthol were prepared and 
studied, in order that we might familiarise ourselves with their 
properties. As these derivatives have not hitherto been described, 
we think it may be of use to give further particulars, as they are well 
characterised and stable crystalline substances, very easy of prepara¬ 
tion, and thus offering many advantages over the quinone method for 
the identification of a-amido-^-naphthol, when the latter is mixed 
with other oxidisable bases. 

Benzeneazo-/3-naphthol was reduced in alcoholic solution with tin 
and hydrochloric acid, the alcohol distilled off, and the amido¬ 
naphthol hydrochloride allowed to crystallise out of the solution in 
the usual way. This salt was collected, dissolved in water, and again 
crystallised with the addition of strong hydrochloric acid, this process 

* Private communication to one of the authors. 
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being repeated till the substance dissolved completely in water. The 
ansline and tin salts are thus got rid of, and the pare amidonaphthoi 
hydrochloride is left as a white, crystalline compound. The latter was 
collected, drained completely from adhering mother-liquor, and dried 
in the water-oven. The dry salt was then just covered with glacial 
acetic acid, and powdered anhydrous sodium acetate and acetic 
anhydride added. The mixture was boiled for 2—3 hours, and the 
acetyl-derivative thrown out by dilution with water. The substance 
was*collected, washed, and purified by crystallisation from alcohol, in 
which it readily dissolves when hot, and separates very slowly on 
cooling in the form of dense, colourless, transparent, rhombic prisms, 
melting sharply at 206°. Analysis showed that the compound was a 
jdiaeetyi-derivative:— 

0T081 gram gave 0*2742 gram CG> and 0*0502 gram H 2 0. 

0*1460 „ „ 7*6 c.c. moist IN at 17 p O. and 738*4 mm. bar. 

0*3458 „ „ 18*2 „ „ 14*5° 0. and 731*5 „ 


Calculated for Found, 



r H ^NH-CWjO 

*-10 tl 6\ O . C .,H 3 Q • 

I. IL 

c .... 

. 69*13 

69*18 

-— 

H .... 

. 5*35 

5*16 

— 

IN .... 

. 5*76 

5*84 

5*94 


The substance is accordingly acetamido-/3-napbthyl acetate. It is 
of interest to note that the acetylation in this case leads to the forma¬ 
tion of a diacetyl-derivative and not of an anhydro-base, although 
the amidonaphthoi is an ortho-derivative. As a parallel instance, we 
may mention <z-/3-naphthyleuediamine which, although an ortho- 
coi%ound, also gives a diacetyl-derivative, and not an anhydro-base, 
on acetylation (Lawson, Iuavg . Diss., 1885, p. 26). 

By heatiiig dry amido-3-naphthol hydrochloride with anhydrous 
sodium benzoate and benzoyl chloride to the boiling point of the 
latter, for about two hours, a .dibenzoyl-derivative is formed. The 
product of the reaction is washed repeatedly with hot water and 
dilute ammonia, and finally purified by two or three crystallisations 
from boiling alcohol, in which the substance dissolves somewhat 
.sparingly. The pure compound 'forms whitish needles melting' at 
226*5°. 

0*1186 gram gave 0*3420 gram C0 2 and 0*0544 gram H,0. 

0*1508 gram burnt in a vacuum with OuG gave 5 c.c. racist N at 
24*5° and 765*3 mm. bar. 
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0 

H 

N 


Calculated for 


„ -rr /NH-C;H 5 0 
CjoH6<0-CjH 6 0 ' 

Found. 

.... 78-47 

78-66 

.... 4’63 

5-09 

.... 3-81 

3-73 


These results show that the compound is henzamido-$-naphthyl 
benzoate and that, as in the case of acetylation, both t e yc roxy 
and amidogen of the amidonaphthol are simultaneously attacked. 


Mild Reduction of Benzeneazo-p-NapMhol and its Acetyl-denvatue. 

In accordance with the well-known fact that aromatic 
pouuds by mild reduction yield hydrazo-compounds, which midu 
influence of acids become transformed into bases of the dipheny 
naphthylphenyl series, it became of interest to investigate the action 
0 f\nild reducing agents on the azo-compounds of 0-naphthoL Oom- 
mencino- with the simplest case, benzeneazo-/3-naphthol was dissolved 

in a sufficient quantity of alcohol to retain the whole of‘the> m .|*tanoe 
in solution when cold, and stannous chloride mixed with alcohol was 
added to°thT solution till reduction had been effected. The alcohol 
was distilled off, and the residual solution, after ffltwtwm to remove 
a small quantity of tarry matter, was mixed with dilute sulphuric 
acid, and allowed to stand for 24 hours. A small quantxty of a 
crystalline substance, consisting of slender, white needles, had sepa¬ 
rated but the yield was too small to enable analyses to be _ made. 
The ’presence of sulphuric acid was proved qualitatively m the 
compound after the latter had been purified by crystallisation from 
boiling water, in which it dissolves with great difficulty lhclub- 
stance is in all probability the sulphate of diamido-oxynaphthylphenyl, 
and we hope to return to its investigation on a future occasion, but 
the small yield has deterred us from making further experiments in 
this direction, as the preparation of this compound has only an 
indirect bearing on the present line of -work. The free base is very 
unstable, forming dark products of oxidation with extreme rapidity 
on exposure to the air. During the boiling of the solution of the 
sulphate for the purpose of purifying this salt, a considerable loss 
was incurred by the formation of a resinous product. If the sulphate 
is basified by ammonia, a greenish colouring matter is produced by 
the action of atmospheric oxygen. A small quantity of the sulphate 
heated with , dry sodium acetate aud acetic anhydride gave an acetyl- 
derivative, which, after crystallisation from alcohol, formed small, 
white needles melting at 130—131°. 

Benzeneazo-|3-naphthyl acetate, when reduced in a similar manner 
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with, stannous chloride in cold alcoholic solution, gives a mixture of 
bases from which nothing definite could be isolated. Amido-/!- 
napbthol is undoubtedly present, but not in sufficient quantity to 
separate out as a hydrochloride in the presence of excess of acid. 
The presence of amiclo -j3 -naphtliol was proved by the formation of 
nitroso-/3-naphthol by the action of sodium nitrite on the acid solu¬ 
tion, The other base which is present is so rea lily decomposable that a 
dark resinous scum is continually formed during the evaporation of the 
solution. The addition of sulphuric acid to the solution of the hydro¬ 
chlorides does not cause the separation of an insoluble sulphate. 
Nevertheless the absence of a napbthylphenyl base cannot be inferred 
from this circumstance, because it is Ligbly probable that such a base, 
if formed, would contain the acetyl-group in one of the amidogens, and 
would thus lose the property of forming an insoluble sulphate. We 
have proved that such a naphthyl phenyl-derivative is formed by a 
method which is described further on, so that the unstable base pre¬ 
sent in solution with the amidonaphthol is in all probability the 
acetyl-derivative of diamidohydroxynaphtliylphenyl with the acetyl 
in one of the amidogen-groups by intramolecular transference, i.e., 

NH./C 6 H 4 -C i 0 H 5 <q.OjH^O §V es NH 2 -C 6 H 4 -C 10 H 5 <o25f 3 ° (IX) - 

The proof that such a base is formed is furnished by the isolation 
of the diacetyl-derivative. The mixture of dry hydrochlorides, 
obtained by the reduction of benzeneazo-/3-naphthyl acetate in slightly 
icarm alcoholic solution with stannous chloride, was boiled for about 
two hours with glacial acetic acid, dry sodium acetate, and acetic 
anhydride. The product was diluted with water, collected, washed, 
ana crystallised two or three times from hot alcohol. Microscopic 
needles were obtained, melting sharply at 252°. From the first 
mother-liquor there slowly separated the familiar rhombic prisms of 
acetamido-/3-naphthyl acetate (m. p. 206°). The substance melting 
at 252° was analysed with the following results :— 

I. 0*1513 gram gave 0*3892 gram C0 3 and 0*0724 gram BUG. 


II. 0*1310 „ 0*3368 

III. 0*1194 ' „ 0*3076 . „ „ 0*0581 

IT. 0*2154 „ 13*1 c.c. N at 15° C. and 745 mm. bar, 

. Found. 

Calculated for r -*—■— -% 

CANA- I- II- HI. IV. 

e .;.. 70*21 70*15 70*12 70*26 — 

H. 5*31 5*31 — 5*40 — 


NT. 1 ....... 7*44 , — . — — 6*98 

x 2 
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• r +o +li at tlie compound is the triacetyl-deriva- 
These numbers indicate ^ V ^ CODstitutional formula 

five of diamido-hydroxynaph- „ P J 3 

being— 


CTLOHN< 


_O-CaHsO 

_/ \kh-o,h 3 o. 


. , . -j the amido-j8-naphthol is, accordingly, 

Tlie other base mixed with t ^ ido . J d Jynaphthylphenyl, the 

the monacetyl-derivative c J ^b-amklogen-groun through 

acetyl being most probably p - explained. The absence of 

intramolecular ^e^ive appears, as we have 

two anr.dogen.-gi oups i doeg not f orra a n insoluble sul- 

already stated, trom the fact cliaracteristic 0 f all the bases 

<* ***■.- ” 

pertains to diamido-hydroxynaphthy : nvestigation 0 f the 

pi^XIu^ 

and hydrochloric acid^the chief 

produced. The splitting off of acetyl favours tlie view that tins 
• a v 2 to t i ie oxygen atom and not to the nitrogen atom, 
f Eeducln in eid alcoholic solution with sk— " 

monacetyldiamido-hydroxynaphthylphenyl as the olutf P ^ > 

.-amido-Vnaphthol being at the same tune formed m smaller 

4 TiSderate reduction with stannous chloride iu warm akohohe 
solution gives a mixture of the two bases from winch tl >timelyl 
derivative of the hydroxynaphthylphenyl base can be isolated y 

acetylation and crystallisation of the product. 

In all three cases, aniline is also one- of the products of reduction. 

Reduction of Benzeneazo-j3-N'wphthy l Benzoate. 

When this compound is educed by boiling its alcoholic solution 
with tin and hydrochloric acid, the products are amlme and 
jS-naplithol, the benzoyl-group being split off as m the case °f 
acetate when it is submitted to violent recmction A cold a cobolic 
solution of the benzoate, when mixed with a solution of stannous 
chloride, also , gives a considerable quantity o ami o-/3 n^p i cy 
together with a benzoy derivative of a naphthylphanjl base. Tbe 
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separation of the two products in this case offers no difficulty, as the 
basic properties of the latter are neutralised by the benzoyl-group and 
the substance is insoluble in dilnte acids. After the reduction is 
complete, the alcohol is distilled off, the residue diluted with water 
and filtered. The filtrate contains the amido-/d-naphtho3 hydrochlo¬ 
ride, which can be identified in the usual maimer. The dark, tarry, 
insoluble residue left after this treatment is extracted two or three 
times with hot dilute hydrochloric acid, then washed with water, and 
finally extracted with cold alcohol, which dissolves out a tarry impurity 
and leaves the crude naphthy[phenyl-derivative in the form of a 
whitish, crystalline powder. The latter, after being twice crystallised 
from boiling alcohol, in which it is rather sparingly soluble, forms 
white, silky needles melting at 172—173° :— 

0*1004 gram gave 0*2860 gram C0 2 and 0*0416 gram H 2 0. 

0*0813 gram burnt in a vacuum with CuO gave 5*5 c.e. moist X at 
14° C and 750*9 mm. bar. 



Calculated for 



Co 3 H 18 N 2 C 2 . 

Found. 

c.. 

, 77*96 

77*69 

H.. 

5-08 

4-60 

N .. 

. 7-yi 

7'86 

The formula deducible from 

. these analyses indicates that the com- 


pound is a monobenzoyl-derivative of diamidoliydroxynaphthlypheny 1 . 
The yield is not very great, as the chief products of reduction are, 
even under the described conditions of working, chiefly amido-/h 
naphthol and aniline. The fact that the substance is not basic tells 
agayist the view that two amido-groups are present, and points to the 
transference of the benzoyl from the oxygen to the nitrogen in the 
naphthalene nucleus by the same process as that which 'takes place 
with the corresponding aeetate. We are, therefore, led to the view 
that the constitutional formula of the compound is— 

_ OH 

h 2 k/ y > T H-c 7 H S o. 

The proposed formula certainly indicates a phenolic substance, 
whereas our compound is insoluble in aqueous alkali. The disguising 
of the phenolic 1 character of the molecule by the proximity of the 
C 7 H 5 O*.NH-group seems, however, more probable than that two tree 
amido-groups should; be present when the distinctly non-basic character 
of the substance is home in mind. For this reason we attach 'the 
' greater /weight : to / the above formula. ■ 
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The general conclusion to which these experiments point is that the 
acid radicle, acetyl or benzoyl, introduced into benzeneazo-S-naphthol 
or its derivatives displaces an atom of hydrogen which is attached to 
oxygen and not to nitrogen. This is shown by the facility with which 
the radicle is split oft during reduction and by the absence of acetanilide 
or benzanilide among the products of reduction. The transference of 
the radicle from the oxygen to the nitrogen in the naphthylphenyl base 
is effected by intramolecular change in the ortho-position, through the 
intermediate formation of an anhydro-base. An investigation of the 
products of reduction of the alkyl-derivatives of azo-/3~naphthol 
compounds has been carried on concurrently with the foregoing 
experiments, and the results will be made known in a subsequent 
communication. In tbe early part of the present research, we received 
much assistance from Mr. E. H. B. Salmon, and more recently we have 
had the benefit of tbe co-operation of Air. J. H. Coste. It gives us 
m ucb pleasure to acknowledge the services rendered by these gentlemen. 

Finsbury Technical College. 


XVIII .—Action of Bromine and Chlorine on the Salts of Tetrethjl- 

phosphoniim . 

By Orme Masson, M.A., D.Sc. (Edin.), and J. B. Kirkland, 
University of Melbourne, 

The action of the halogens on trimethylsnlphine salts formed the 
subject of a paper communicated to the Society by Dobbin and one 
of us (Trans., 1885, 5(5), and in a subsequent communication tbe 
action of the halogens on tetraraethylammonium salts was described 
by the same authors (Trans., 1886, 846). In these papers, it was 
shown that the haloid salts of these bases can combine directly with 
iodine, bromine, chlorine, or iodine monochloride, to form compounds 
of the general formula KX 3 (where R is the basic radicle and X is 
I, Br, or Cl) ; that those members of tbe series which contain not less 
that one atom of iodine in tbe molecule are fairly stable crystalline 
solids of a characteristic black, red, or yellow colour; that the other 
members, containing only bromine or chlorine, or both, are red or 
yellow liquids, stable only in an atmosphere of the halogen from 
which they have been formed; that some of these unstable com¬ 
pounds have a sufficiently definite composition (corresponding to the 
general formula EXa) as proved by synthetic experiments ; but that 
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others have a tendency to absorb a large excess of halogen 'without 
very great alteration of properties, particularly where bromine is the 
Halogen added. It was also shown that this formation of perhaloid 
compounds is an action of wider application than, at first, would seem 
probable; for not only may the nature of the organic basic radicles 
be varied very considerably, but qualitative experiments with the 
sulphates of trimethylsulphine and tetramethylammonium showed that 
these, as well as the haloid salts, can combine directly with bromine 
and chlorine. The striking resemblance between the behaviour, in 
this respect, of the sulphates and the chlorides led the authors to 
reject that view of the constitution of the perhaloid compounds 

X 

which is represented by the formula R'X<^; and the option was 

left of regarding them all as molecular compounds of the formula 
R/*X,X 2 , or of regarding the central atom of the basic radicle (S or N) 
as capable of directly attaching to itself the additional halogen atoms 
(R"'X 3 ). Quantitative data, however, were required to fully prove 
the similarity of the action of the sulphates and chlorides or bro¬ 
mides. It was thought that more stable compounds might be 
obtained from the salts of a phosphorus base, and a preliminary experi¬ 
ment with tetrethylphosphonium iodide showed that at any rate this 
salt is capable of yielding perhaloid compounds resembling those 
already studied. The investigation was then interrupted, and has 
only lately been resumed by the present authors. Tetretbylpkos- 
pkoninm salts have been used on account of the greater ease with 
which they may be prepared as compared wbth the methyl compounds. 
The iodide was prepared by Hofmann’s method from phosphonium 
iodide and absolute alcohol, and was proved by analysis to be of suffi¬ 
cient purity. 



P. 

c. 

! H. 

: 

L 

Found (percent.).. 

— 

34-79 

7-39 

45*68 

Calculated (per cent.)... j 

11 ‘31 

35-03 i 

7-29 

46*35 


In any future experiments, however, we, should prefer the method 
of preparation described by us in the next paper (p. 138), on account 
of its greater simplicity and economy. 


Action of Bromine on Tetrethylphosphoni urn Iodide . 

When bromine is added to this salt, combination occurs, accom¬ 
panied by the development of much heat, ■ the whole phenomena 
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being similar to those observed in the cases of the iodides of trimethyl- 
stilphine and tetramethylammonium. When the resulting heavy r» i d 
liquid is freed from excess of bromine by evaporation and by washing 
with anhydrous ether, a bright, red solid remains, winch dissolves in 
warm alcohol, and on evaporation may be obtained in orange-red 
crystals. The appearance and properties of these leave no room for 
doubting that they are tetrethyIphosp lionium dibromiodide, 

P(C 2 H 5 ) 4 IBr 2 ; 

this was confirmed by analysis. 

*1. 0*1809 gram gave 0*1450 gram C0 2 and 0*0880 gram ILO ; 
or 0 0395-5 gram C and 0*00798 gram H. 

IL 0*1970 gram gave, after redaction with sulphurous acid, 
0'280Q gram of the mixed silver salts AgBr and Agl 
Assuming this mixture to be in the proportion 2AgBr : Agl, 
it contains 0*07332 gram Br and 0*05820 gram I. 

Found, 

Calculated for r - A -—* 

P(C 2 a 5 ) 4 IBr 2 . I. II. 


P . 7*14 — — 

C . 22T2 21*86 — 

H ... 4*61 5*40 — 

1 .. 29*26 — 29*54 

Br.. 36*87 —' 37*22 


100*00 

This dibromiodide, like those previously described, yields a black 
explosive substance when treated with aqueous ammonia; and forms 
an additive compound of the formula P(C 2 H 5 ) 4 lBr 3 4- 2NH 3 , when 
subjected to the action of a current of dry ammonia. This com¬ 
pound is black in colour. When left exposed to the air it loses 
ammonia, and leaves the dibromiodide as a red powder. 

0*1470 gram of the dibromiodide yielded 0*1582 gram of the black 
ammonia compound. 

# This dibromiodide, the corresponding diehloriodide, and the tribromide, were 
found to present unusual difficulties when submitted to combustion—difficulties not 
met with in the ease of tefcrethjlphospbonium iodide on the one hand, or of the 
perhaloid compounds of trimefchylsulohine and tetramethylammonium on the other. 
An open tube was employed with oxide of copper and chromate of lead, with silver 
at the exit end. The combustions had to be conducted with extreme slowness to 
avoid loss of phosphine-smelling volatile matter (which Bpoilt the first experiments), 
and in every case a refractory black residue remained which yielded only to prolonged 
heating in the oxygen current. This may account for the high percentages of 
"hydrogen found, though all"the usual precautions were employed for drying the gas., 
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Percentage 
increase of weight. 

Calculated for P(C 2 H 5 ) 4 IBr 2 + 2 XH 3 .... 7*26 

Found .... 7*47 

A synthetic experiment was made in order to ascertain whether, 
by brommation of the iodide, any compound could be obtained con¬ 
taining more bromine than the dibromiodide. 0*3687 gram of the dry 
iodide was exposed for three-quarters of an hour at the ordinary tem¬ 
perature to a current of dry air laden with bromine vapour. The 
iodide was contained in a porcelain boat placed in a glass tube, and 
the boat and tube, together with the glass stopper, were tared at the 
commencement. After clearing out the tube with a rapid current of 
dry air, it was found that there was an increase of weight equivalent 
to a gain of 3*4 atoms of Br by each molecule of P(C 2 H 5 )iT The 
product was a dark-red liquid. The tube was now placed in an air- 
bath, and kept at 110 ° for two hours, whilst the bromine current was 
kept up, and the increase of weight was again ascertained, and found 
to be equivalent} to a gain of 5*2 atoms of bromine by each molecule 
of P(C 2 H 5 ) 4 l, though there was not much change in the appearance 
of the liquid product. This was then subjected to a current of pure 
dry air at the ordinary temperature, and weighed from time to time. 
It was soon converted into a bright-red solid substance, and this con¬ 
tinued to lose bromine slowly, but after three hours still retained 
what was equivalent to 3*6 atoms for each molecule of the iodide. 


Bromine 

passed. 

Dry air 
passed. 

W eight 
found. 

Increase 
per cent. 

Atoms of 
Br per mol. 

Nature 
of product. 

hr \ cold , 

— 

0 *6172 

99*9 

3*4 

Liquid. 

43 . 

-os ; 

m I 
k o. 

— 

0*7827 

153*0 j 

5-2 

j 

Liquid. 


3 hours 

0*6320 

lo t 7 

■ 3-6 

Solid. 


Weight of iodide used, 0*3087 gram. 


There is, then, a marked tendency for P(C 2 H 5 ) 4 I to. take up more 
than Br 2 , but if a definite higher compound exists, it is of an unstable 
nature. It will be seen that the behaviour, of the iodide towards 
chlorine favours, by analogy, the supposition that an unstable tetra- 
bromiodide, PfCaHsjABri, may exist. 

1 Action of Ghiorine on Tetrethylphosphonium Iodide. 

The absorption of chlorine 'by the dry salt 1 is attended by develop¬ 
ment of, heat,and the formation of a substance which, at first brown, 
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■becomes yellow as tlie action proceeds; it is facilitated by keeping 
the salt at a temperature of about 70°, in which case a red liquid is 
obtained that solidifies to a darkish yellow, crystalline mass on cooling 
in an atmosphere of chlorine. Its composition was ascertained by 
the following synthetic experiment, which was conducted in a manner 
similar to that already described:— 


"Weight of iodide taken.. 

O 

Chlorine passed at 70°.. 

Weight of product (solid). 

Percentage increase of weight. 

Percentage increase calculated for forma¬ 
tion of P(C 2 H 5 ) 4 ICI 4 .. 


1*011 gram. 
1 hour. 

1*520 gram. 
50*3 per cent. 

51*8 per cent. 


This tetraehlonodide very slowly loses chlorine in dry air, but 
decomposes with loss of chlorine when treated with water or alcohol. 

Its alcoholic solution, on evaporation, yields yellow crystals of the 
dichloriodide , P(C 2 H 5 ) 4 lCl 2 , a substance closely resembling the dichlor- 
iodicles previously described, both in appearance and in its reactions 
with ammonia, &c. On analysis it gave the following results :— 


I. 0*1233 gram gave 0*1255 gram C0 2 and 0*075 gram H 2 0, 
equivalent to 0*03423 gram C and 0*00833 gram H. 

II. 0*1586 gram, after reduction with sulphuric acid, gave 0*2368 
gram of mixed silver salts. On the assumption that this con¬ 
tains iodide and chloride in the proportions of Agl: 2Ag01, 
it is equivalent to 0*0576 gram I and 0*0322 gram 01. 


Found. 


Calculated for ,- K -v 

P(C s H 6 ) 4 IC1 2 . I. II. 


P... . 8*98 — — 

C... .27*83 27*75 — 

H. 5*80 6*74 — 

L... 36*81 — 36*32 

01 . 20*58 — 20*30 


100*00 


Action of Bromine on TeireihjIphosphonium Bromide . 

The bromide employed was made from the iodide by shaking its 
solution with recently precipitated silver bromide. An estimation of 
the bromine showed it to be of sufficient purity. 

Br per cent. 

Found ... 34*79 

Calculated for . ^ 35*24 
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A synthetic experiment with this salt showed that when subjected to 
the action of bromine-vapour at 110° it absorbs it to form a dark-red 
liquid, which at the ordinary temperature is converted into a scarlet, 
crystalline solid having the composition indicated by the formula 
P(C 2 H 5 ) 4 Br 75 that is, the bromide is converted into the heptabromide 
by addition o£ six atoms of bromine. The details of the experiment 
are given in the following table :— 


Weight of bromide taken ... 0*1472 gram. 

Bromine current at 110°. 1 hour. 

Weight of product (solid). 0*4554 gram. 

Increase of weight... 209*4 per cent. 


Increase calculated for P(C 2 H 5 )J3r,Bi’ 6 . 211*4 per cent. 

This heptabromide, like the higher compounds derived from the 
iodide, is not stable in air and also loses part of its bromine when 
treated with absolute alcohol. The alcoholic solution yields red 
crystals of the 3 tribromide, P(C 2 H 5 ).Br 3 . This compound closely 
resembles the dibromiodide, but does not form an addition product 
with ammonia and is dissolved by ammonia solution. JS r o solid 
tribromides were obtained from trimethylsulphine or tetramethylam- 
monium, but only unstable red liquids. The difference in behaviour 
in the present instance may be wholly attributable to the presence 
of ethyl in place of methyl radicles, rather than to the presence of 
phosphorus in place of sulphur or nitrogen; for Marquardt (J. pr. 
'Ghent . 1, 429) obtained a solid tribromide of tetrethylammonimn. 
The following were the results obtained by analysis:— 

I. 0*2046 gram gave 0*1860 gram C0 2 and 0*1022 gram H a O, 
equivalent to 0*05073 gram C and 0*01135 gram EL 

II. 0*2645 gram gave 0*2380 gram C0 2 and 0*1362 gram H s O, 
equivalent to 0*06491 gram C and 0*01513 gram EL 

III. 0T8oS gram, after reduction with sulphuric acid, gave 0*2640 
gram AgBr, equivalent to 0*11234 gram Br. 


Found. 

Calculated for r - A -^ 

P(C 2 H 5 ) 4 Br 3 . 1. II. III. 


Pa*........ 8*01 — — — 

O'.......... 24*80 24*79 24*54 — 

EL.,... 5*18 5*54 5*72 — 

Br ......... 62*01 — — 62*14 


100*00 
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Action of Chlorine on Tetrethylp hosplionium Chloride. 

The chloride employed was prepared by shaking a solution of the 
iodide with recently precipitated silver chloride, and was thoroughly 
dried by heating in a current of dry air at 110°. The salt absorbs 
chlorine and turns yellow at the ordinary temperature, but the action 
goes better at 105—110°. Under these conditions, a yellow liquid is 
obtained which, on cooling, solidifies to a yellow, crystalline mass. A 
quantitative experiment showed this to consist of the trichloride , 


P(C s H # ) 4 C1* 

Weight of chloride taken. 0T172 gram. 

Chlorine passed in the cold.. 2^ hours. 

Chlorine passed at 105—110° . 1| „ 

Weight of product (solid).. 0T608 gram. 

Increase of weight.. 37*2 per cent. 


Calculated increase for PfCjjHs^Ci’CL 38*9 per cent. 

The trichloride is a yellow, crystalline substance which deliquesces in 
the air and is decomposed by water and alcohol with reformation of 
the chloride. Like other perhaloid compounds it is insoluble in 
anhydrous ether. There appears to be no tendency to form a higher 
addition product than the trichloride. 

Action of Bromine on Tet rethy Ip hasp lion ium Sulphate. 

The sulphate was prepared from the iodide by means of silver 
sulphate. ' In order to thoroughly dry the salt obtained by evapora¬ 
tion of the solution, it was found necessary to heat it for some hours 
at a temperature ranging from KKT to 170° in a Sprengel vacuum. 
It was then submitted to the action of bromine vapour in the same 
manner as the bromide, the increase of weight being observed first 
after bromination at 110°, and subsequently after further broruination 
at the ordinary temperature. It was found that the sulphate has the 
power of taking up a large quantity of bromine, but that the amount 
absorbed and the character of the product vary considerably accord¬ 
ing to the temperature. The product formed at 110° is, when cold, 
a red solid; and the increase of weight in this case corresponds to 
the formation of ; and this, it may be remarked, 

is analogous to the highest brominated derivative of the bromide, 
P(C 2 H 5 ) 4 Br,Br 6j which it closely resembles in its general properties— 
appearance, instability in air, decomposition by alcohol, &c. The 
product formed At the ordinary temperature differs from this, being’,a 1 
dark red liquid and containing a still larger amount of bromine, in 
the two experiments made, details of which are given below, the 
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Increase of weight at the ordinary temperature corresponded closely 
with that required for the formation of [P(C 2 H 5 ) J-S0<,Br a2 ; but it is 
doubtful whether this really marks the formation of a distinct com¬ 
pound or the extreme limit of bromine absorption. When tins highly 
brominated liquid is left in a desiccator over solid potash, or when it 
is treated with a current of dry air, it quickly loses bromine and 
assumes the solid state ; but the decomposition does not stop here, 
and we have not succeeded in obtaining any brominated sulphate of 
stability equal to that of the tribromide or the dibromiodide. 


Experiment. I. II. 

Weight of sulphate used, in grams .. 0*2678 0*2192 

Bromine passed at 110°. 1 hour 1 hour 

Weight of product (solid). 0*9206 0*7552 

Percentage gain of weight. 243*8 244*5 

Bromine subsequently passed in cold.. 2 hours 1 hour 

Weight of product (liquid). 1*4848 1*2207 

Percentage gain of weight. 454*4 456*9 


Percentage,gain calculated for [PfOaHs^SCh.Bras 451*3 
Percentage gain calculated for [P(C a H fi ) JaSO^Br^ 246*2 


The solid brominated sulphate dissolves in alcohol and reel crystals 
are formed in quantity when the solution is partly evaporated; hut a 
study of these and estimations of the bromine proved them to consist 
of tetrethviphosphonium tribromide. It was proved that the crystals 
contained no sulphuric acid, but the mother-liquor was found to be 
strongly acid. The alcohol, therefore, produces decomposition, and it 
is interesting to note that the phosphorus radicle retains the bromine 
in preference to the sulphuric acid group. 

I. 0*1196 gram, after reduction with sulphurous acid, gave 0T76 
gram AgBr, equivalent to 0*07489 gram Br. 

II. 0*0492 gram gave 0*072 gram AgBr, equivalent to 0*03064 
gram Br. 

Calculated for 
for P(C 2 H s ) 4 Br 3 . 

Br per cent......... " 62*01' 


Found, 

f IL 
62*62 62*27 


Action of Chlorine on Tetrethj Iphoqy h onhi m Sulphate . 

The thoroughly dried sulphate combines with chlorine, but less 
readily and (as in other oases) to a less extent than with bromine. 
The salt turns yellow, and, if the temperature he raised to 130° /while 
the chlorine' is passing, fuses to a yellow liquid, which solidifies' on 
coolmg/in the chlorine atmosphere. In the two experiments made, it 
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was found that the increase of weight corresponded to the formation 
of the compound [PfCgHsJJsSO^Ch; and this, it may be noted, is 
analogous to the formation of the chlorinated chloride P^oH^CljCh, 
already described. The sulphate, therefore, appears to resemble tbe 
bromide in its action towards bromine and the chloride in its action 
towards chlorine, both as to the composition and as to the appearance 
and properties of the products formed. This is in accordance with 
the previously recorded qualitative observations on the sulphates of 
trimethylsulphine and tetramethylammonium. 


Experiment. I. II. 

Weight of sulphate used, in grams.... 0*2172 0*2018 

Chlorine passed at 130°.... 1J hours l\ hours 

Weight of product. 0*2964 0*2790 

Percentage gain of weight. 36*4 38*2 


Percentage gain calculated for [P^iy^SOijCl* 36*4 

This chlorinated sulphate dissolves in water with effervescence, due 
to escape of chlorine, deliquesces when exposed to the atmosphere, and 
slowly evolves chlorine when subjected to a current of dry air. 

The following table contains a list of the polyhaloid-derivatives 
described in this paper, together with a summary of the methods of 
forming them and of their properties. In some cases the formulae 
given are doubtfully indicative of definite compounds. 


No. 

Compound formed. 

Method of forma¬ 
tion. 

Temp, of 
forma¬ 
tion. 

Characters of the 
compound. 

1.. 

P(C»H 5 ) 4 tBr 4 (?). 

Bromine on iodide. 

cold 

Bright red eryst. 
solid, unstable in 

2.. 

P(C 2 H„) 4 IBr s . 

Alcohol on 1. 

— 

air. 

Orange crystals: 
stable. 

3.. 

P(C s H 5 ) 4 IC1 4 . 

Chlorine on iodide. 

70° 

Bark yellow eryst. 
mass: unstable. 

4.. 

P(CoH s ) 4 IC1 3 .; 

Alcohol on 3. 

'— 

Yellow crystals, 

stable. 

5.. 

P(C s H 5 ) 4 Br 7 . 

Bromine on bromide 

110° 

Scarlet,cryst. mass,* 
unstable. 

6..; 

P('G>H 5 ) 4 Br 3 . 

Alcohol on 5 or 9.. 

— 

Bed crystals: stable, 

7./ 

P(C 2 H 5 ) 4 C1 3 . 

Chlorine on chloride 

110° 

Yellow eryst, mass: 

8.. 

[P(C 2 H 5 ) 4 ].,S0 4 Br 22 (?). 

Bromine on sul¬ 
phate 

cold 

unstable. 

Bed liquid: un¬ 
stable. 

9.. 

rP(C 2 H 5 ) 4 ] 2 S0 4 Br 13 ... 

Bromine on sul¬ 
phate 

Chlorine on sul¬ 
phate 

110° 

Bed solid: unstable. 

MX. 

[P(C 2 H s ) 4 ] 2 S0 4 C1 4 .... 

130 

Yellow solid: un¬ 
stable. 
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XIX.— Preparation of the Salts of Triethylsulphine, Teirethylplos - 
jphonium , Analogous Bases . 

By Orme Masson, M.A., D.Sc. (Edm.), and J. B. Kirkland. 

University of Melbourne. 

The preparation of sucli a salt as triethylsulphine iodide in any 
quantity by tlie ordinary method, though easy in theory, is practically 
a most disagreeable operation, since it necessarily involves the making 
and manipulating a large amount of ethyl sulphide, or some equally 
objectionable substance. The preparation of analogous selenine salts 
by the ordinary method is open to a similar objection, which is, more¬ 
over, of greater weight on account of the still more nosious character 
of volatile selenium compounds; and there is, also, an additional 
disadvantage, in that a loss of the somewhat costly selenium in the 
preliminary operations is unavoidable. It is obvious that any method 
by which sulphur (or selenium) may be converted directly into sul- 
phine (or selenine) salts, affording a good yield and avoiding the 
manipulation of noxious volatile substances, should be of value to 
chemists engaged in the study of such compounds. 

Klinger, 12 years ago, mentioned the fact (Ber., 10, 1880) that 
trimethyIsulphine iodide could be obtained by beating sulphur in 
sealed tubes with methyl iodide and extracting the product with 
water. He did not, however, enter into details of the process, which 
has, so far as we are aware, not been made use of since then; nor was 
the method adopted by him sufficiently practical to replace that of 
von Oeffele. We have found that the following method gives good 
results. It may he divided into three stages :— 

(1.) Powdered roll sulphur is heated with ethyl iodide in sealed 
tubes at 180° for about 24 hours, the two substances being taken in 
the proportion of S : 3C 2 H 5 I, with a slight excess of the latter. Soft 
glass tubing may be employed, as there is only a little pressure when 
the tubes are opened (due to the formation of a combustible gas by a 
secondary reaction) : ' we have adopted no special precautions to 
avoid the bursting of the tubes, and have not lost any. The sulphur 
entirely disappears, and the tubes, when cold, are seen to contain a 
large amount of a black tarry liquid, at once recognisable as a poly¬ 
iodide by any one acquainted with such compounds. The reaction, in 
fact, may be correctly represented by the equation— 

S 4- 3CaH g I = S(C,H & )J a . 

(2.) Klinger’s method of extracting this substance with water could 
certainly not, be worked' satisfactorily, for such polyiodides are only 
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decomposed with difficulty by water, even on prolonged boiling. It 
is best to proceed as follows:—The contents of the tubes are washed 
into a tall glass cylinder, covered with water to a depth of some 
inches, and a current of hydrogen sulphide is then passed in through 
a rube which dips under the liquid polyiodide: by this means the 
latter is decomposed in the course of an hour or two. The action 
resembles that which occurs when hydrogen sulphide is led under the 
surface of bromine covered with water, except that no sulphuric acid 
is formed, as always happens in the latter case. When the poly iodide 
has disappeared, the vessel contains a clear acid solution of triethyl- 
sulphine iodide and hydrogen iodide, and a flocculent deposit of 
sulphur. The reaction is represented by the equation— 

S(C,H 5 ) 3 I 3 + H a S = S(C 2 H 5 ) 3 I + 2HI + S. 

(3.) The solution decanted from the sulphur precipitate cannot be 
advantageously evaporated for the recovery of the sulphine salt, as 
this is attacked by the hydrogen iodide present. It is, therefore, 
mixed with excess of moist silver hydroxide, by which means a pure 
solution of triethylsulphine hydroxide is obtained ; and this may then 
be converted into any desired salt by exactly neutralising it with the 
appropriate acid. 

In our first experiment we thought to simplify matters and save 
silver by adding the silver hydroxide gradually to the acid solution 
until its reaction was neutral, so as to obtain the sulphine iodide at 
once by filtering and evaporating. It was found, however, that only 
a small quantity of the salt could be recovered in this way. As the 
silver iodide precipitate had been washed with boiling water until 
the washings were practically free from soluble iodide, the missing 
salt had to be looked for in the insoluble residue on the filter. 
Experiment showed that this, when treated with more moist silver 
hydroxide, yielded a quantity of the soluble alkaline sulphine 
hydroxide; so that it is evident that silver iodide and the sulphine 
iodide unite to form an insoluble double salt. This was further 
proved by mixing fresh moist silver iodide with a little solution of 
the sulphine iodide; the solution after a short time was found to give 
the iodine reaction only faintly. The silver iodide simultaneously 
changed in colour from yellow to white. The fact that the precipitate 
first formed when silver nitrate is added to a solution of an iodide is 
while, and become yellow only as the reagent is added in excess, is 
probably attributable to the same cause. 

If the sulphine hydroxide solution is converted info the iodide by 
neutralisation with hydriodie acid, and'this solution is evaporated to 
dryness, a- yield is ; obtained winch falls only a " 

,ovulated 'f ,of ■ sulphur employed, according to the 
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equations we have given , In one such experiment we obtained more 
than five-sixths of the theoretical yield. The following are the 
details of the experiment. 

3*2 grams of powdered roll sulphur and 48 grams of ethyl iodide 
were heated in a sealed tube for 22 hours at 180—185“. Some com¬ 
bustible gas escaped when the tube was opened. The tarry polyiodide 
was washed out with water, and treated with a current of hydrogen 
sulphide for four hours in the manner described above. The solution 
was decanted from the precipitated sulphur; the latter was washed, 
and the washings added to the solution, which was then made up to 
a definite volume. The sulphur, after drying, weighed 3*5 grams. 
One-fourth of the solution was then treated with excess of moist 
silver hydroxide (from a weighed quantity of silver nitrate) in the 
cold, until a drop of it give no iodine reaction; the mixture was then 
filtered, the silver iodide washed thoroughly with hot water, the 
washings being added to the filtrate. The filtrate and washings were 
then made , up to a definite volume, and a small portion of it was 
titrated with standard hydrochloric acid. By this means it was found 
that, supposing the whole solution to have been treated with silver 
hydroxide, the sulphine hydroxide produced w r ould have required 
94 c.c. of normal hydrochloric acid for neutralisation, or would have 
weighed 12*8 grams. This result was checked by neutralising the 
remainder of the solution with hydriodic acid, evaporating to dryness, 
and weighing the sulphine iodide obtained. The weight was found 
to be 5*56 grams, which was equivalent to 22*68 grams, if the whole 
of the original solution had been treated in like manner. Finally, 
the iodide was recrystallised from alcohol (the equivalent of a total 
yield of 20 grams of pure salt was obtained), and its identity was 
established by an iodine estimation, although its properties left no 
doubt as to its true nature :— 

Calculated for S(C 2 H 5 ) 3 I ...... 51*62 per cent, of I. 

Found .. 51*60 „ 


The details of the experiment may be tabulated side by side with 
the figures calculated from the equations given above. 



Experi¬ 

ment. 

: Theory. 

S taken (and used up) ...... 

<LH 5 T taken.... 

grains. 

3*2 

48-0 

grams. 

■ 3 ’2 

46*8 

S precipitated by the 5 2 S action.. 

8 *5 

' 8*2 

formal HC1 required' by the whole of the S(C 2 H 5 ) 3 -OH 
■ after Ag*0 action..... 

94 c.c. 

100 c.c. 

S(0 2 ff 3 )g*01I calculated from above.... 

12*8 

IS *6 

S(C 2 H 5 ) 3 I obtained (crude).......... ... 

22 *7 

24*6 



"TOL-.£V. ,, ' ' , , ' 1 
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We have also ascertained by experiment that trie thy Iselenine salts 
may be prepared by this method if selenium is used in place of 
sulphur. We have not made quantitative experiments, however, and 
so cannot state the yield obtainable. 

The preparation of tetrethylphosphonium salts and their homo- 
logues is notoriously a troublesome matter, in spite of the classical 
researches of Hofmann, Cahours, and others. That this is so was 
shown in 1880 by Letts (Trans. Boy. Soc. Min., 30, 185), who discussed 
at length the various processes then known, and rejected them all as 
uncertain, troublesome, and expensive. The well-known method of 
Hofmann, which consists in heating phosphonlum iodide with absolute 
alcohol in sealed tubes at 180°, and acting on the resulting mixture of 
iodides "with potash, so as to precipitate the tetrethylphosphonium 
iodide, &c., is generally considered the best process ; but this was 
rejected by Letts, because he found it impossible to avoid the loss, by 
explosion, of the great majority of his tubes. We have not found 
this to be the case when the precautions mentioned by Hofmann are 
carefully attended to; but still we agree with Letts that the process 
is, at best, a very troublesome one; and it may be added that the 
preliminary preparation and preservation of large quantities of phos- 
phonium iodide, PHJ, constitute an undesirable factor. The method 
which we have adopted avoids all these disadvantages by making use 
of phosphorus itself and ethyl iodide as the raw materials, which are 
converted directly into a tetrethylphosphonium-derivative without 
risk of loss by explosions. 

The practical details of the method are similar to those already 
described for the preparation of sulphine salts. Either ordinary 
phosphorus or red phosphorus may be used. Ethyl iodide is taken 
In excess of the proportion indicated by the formula 7C,H 5 I ~f 2P; 
we have found no harm result from using as much as 6C 2 H 5 I: P; the 
mixture is heated in sealed tubes at 180° for about 24 hours. When 
cold, the tubes are seen to contain a black tarry liquid or a semi-solid 
black crystalline mass of polyiodide, but no phosphorus. Combus¬ 
tible gas escapes on opening the tubes, but there is never enough 
pressure ■ developed to cause explosions. The greater part of the 
excess of ethyl iodide may be recovered by distillation on a water- 
bath. The contents of the tubes are then reduced with hydrogen 
sulphide under water; and the clear acid solution, decanted from the 
precipitated sulphur, is treated with moist silver hydroxide in excess, 
so as to give a solution of the tetrethylphosphonium hydroxide. An 
alternative method of procedure in this case, however, may be em¬ 
ployed with advantage ; after the reduction with hydrogen sulphide, 
the excess of that"gas is'got rid of by a current of carbon dioxide* ' 
and the solution (containing the tetrethylphosphonium iodide and 
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liydriodic acid) is saturated with potash and warmed. The result, 
as in Hofmann’s method, is the separation of the phosplionitim iodide, 
which floats as an oily layer on the potash; and it may he readily- 
purified by crystallisation from alcohol. This method is indeed pre¬ 
ferable to the other, as it does not involve the use of silver. It may 
also be stated that this potash method has been successfully applied 
to the preparation of triethylsulphine iodide; but it is doubtful 
whether in this case the yield obtained is as good as by the silver 
hydroxide process. 

It is evident that the equation for the action of phosphorus on 
ethyl iodide cannot be so simple as that which we have shown to be 
true in the case of sulphur, for there is no polyiodide possible of the 
formula P(C 2 H 5 ) 4 l 4 . It was thought that a mixture of the two poly¬ 
iodides, P(C 2 H 5 ) 4 l 3 and PfOaHs) might be produced, in which case 
the whole of the phosphorus would be eventually recoverable in the 
form of tetrethylphosphonium iodide. But experiments have proved 
that only half of this quantity can be actually obtained, while the 
other half of the phosphorus assumes a form which is converted 
during the treatment with hydrogen sulphide and water into triethyl- 
phosphine oxide. As this is a neutral substance, extremely soluble 
in water, and volatile in the steam produced by the evaporation of 
the solution, its formation is at first liable to be overlooked. Any 
theory of the reaction then, to be tenable, must, among other condi¬ 
tions, be snch as to account for the conversion of one half of the 
phosphorus into a polyiodide of tetrethylphosphonium, and the other 
half into some substance of similar appearance, but convertible by 
water or hydrogen sulphide (or both acting together) into trietliyl- 
phosphine oxide. These conditions are fulfilled by the following 
theory; and it will be further shown that most of the observed 
details of a quantitative experiment distinctly favour it, whilst they 
are not capable of equally satisfactory explanation in any other way. 
(1.) The tarry product in the sealed tube consists of a mixture of the 
polyiodides of tetrethylphosphonium and triethylphosphme, produced 
according the equation— 

2P + 7CW = P(C 2 H 6 ) 4 I 3 + P(C 2 H 5 ) 3 X 4 . 

(2.) When this mixture' is treated with water and hydrogen 
sulphide, the following changes occur simultaneously:— 

P(C 3 H 5 )iI 3 + H 2 S - P(C 2 H 5 )J + 2HI 4- S, 

P(0 2 H 5 )sl4 + H 2 s + H 2 0 = P(C 2 H 3 ) s O + 4HI + S. 

A solution is thus, obtained containing hydrogen iodide, tetrethyl¬ 
phosphonium iodide, and triethylphosphme oxide; whilst sulphur is 
precipitated. , 

. . , ' ■ ' • ■' ■ \ ' ' . - i:2 
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The following are the details of the experiment which suggested 
this theory:— 

3T grams of phosphorus (in this ease ordinary phosphorus was 
used; but it was afterwards found that red phosphorus would also 
answer) and 93*6 grams of ethyl iodide (equal to one-tenth of the 
weight in grams indicated by the formula P -j- 0C 2 H 5 I) were heated 
for 22 hours at 180—18*5° in a sealed tube. All the phosphorus dis¬ 
appeared, and 30 grams of ethyl iodide was recovered by distillation 
of the contents of the tube. The black tarry product was completely 
decomposed in two hours by the hydrogen sulphide treatment, giving 
3*4 grams of sulphur. One small portion of the solution (which was 
made up to a known volume) was titrated with standard alkali, and 
the total quantity of hydrogen iodide in solution was calculated from 
the result, and was found to be 33*6 grams. Another small portion 
was used for an estimation of the total iodine; and this, calculated 
for the whole quantity, was found to be 41*0 grams. The rest of the 
solution was treated with excess of moist silver hydroxide; and a 
portion of the filtrate and washings (made up to a known volume) 
was titrated with standard acid, and the total available hydroxide 
calculated from the result, and found to he 8*2 grams. The whole of 
the remainder of this alkaline solution was then neutralised with 
hydriodic acid, and evaporated on the water-bath; and the salt thus 
obtained was dried and weighed. From this, the total available iodide 
was calculated (allowance being made for those portions of the 
solution used for titration), and was found to amount to 13*45 grams. 
Finally this salt, which possessed all the properties of tetrethyl- 
phosphonium iodide, was crystallised from alcohol; and iodine 
estimations were made with crystals of two distinct crops for the 
purpose of complete identification;—* 

Found. 

.Calculated for f - K -. 

P(C*H S ) 4 I. I. II. 

Iodine, per cent....... 46*35' 45*98 45*90' 

The triethylphosphine oxide was not saved or estimated in 'this 
experiment, as, indeed, its formation was not suspected until the 
results were calculated ; but in a subsequent experiment the solution 
from the hydrogen sulphide action was distilled in such a manner as 
to permit of' the oxide being collected and identified. 1 The details 
of the above experiment are tabulated for the sake of comparison 
with the figures calculated ■ from the theory which we have enunci¬ 
ated. 
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Experi¬ 

ment. 

! 

| Theory. 

P tliken, and nsed up in the reaction .... „. 

grams. 

3 T 

grains. 

3-1 

C.HJ taken...... 

93-6 



30 '0 



63*6 

54*6 

S precipitated bv the IPS action ... 

3*4 

3*2 

Korin id KaOH required fox* free HI... 

262 *5 c.e. 

300 c.e. 

Total free III deduced from above.... 

33 *6 

38*4 

Thiri] indpie sis pT 1 ftnrl P(n.iTI.^T. T T . 

41 *0 

41*4 

Kormal HOI required bv the P(pOH... 

50 c.e. 

i 50 c.e. 

Total P{Cdi,) 4 *OH formed, deduced from above. 

8*2 

! 8*2 

Total P(fLHd jl produced (crude) .. 

13*45 

13 ”7 

P not thus accounted for [lost as P(C^H 6 1 3 01. .. .. 

1 “58 

! 1*55 



Tliis is not tlie first time that the action of phosphorus on ethyl 
iodide lias been investigated, and a theory of the action advanced, 
although it is the first time, so far as we are aware, that it has been 
made use of for preparing the salts of tetrethylphosphoninm. Garins 
(Ami alert, 137, 117) adopted the reaction as a means of preparing 
triethylphosphine oxide, and his method was further worked out 
by Crafts and Silva (this Journal, 1871, 24, 029). Their procedure 
differed essentially from that described by us in the following 
particulars: The phosphorus and ethyl iodide were mixed in a very 
different proportion, viz., 2P : 5C 2 H 5 I. The phosphorus "was not ail 
consumed, some remaining in the amorphous form even after heating 
for 24 hours at 175—180°. 

The iodine-coloured product was ground up with the residual 
phosphorus, and the whole distilled with alcohol till colourless. 
Ethyl iodide was produced in this reaction. The residue from the 
solution was found to contain phosphorous acid. The whole was then 
distilled in a copper retort with solid potash; when ethane, triethyl¬ 
phosphine, phosphine, and a large amount of triethylphosphine oxide 
were obtained. Garins proposed the following equations to represent 
(1) the action which occurs in the' sealed' tubes, (2) that which 
occurs when the product is treated with alcohol;— 

(1.) 2P + 40 2 H 5 I = P(C 2 H 5 )J + PI 3 . 

fP(C 2 H 5 ) 4 I + C 2 n 6 0 = P(C 2 H 6 )gO + (mi + C 2 H 8 
{ '~' i l-PIa + SCJBUO = P(OS) 3 + 3G,H*L 

Grafts and Silva rightly rejected these 1 equations, but they retained 
the hypothesis of the formation of phosphorus triiodide. They 
proposed the following;— , .. 
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f 2P + 4CWEUL = P(C 3 H 6 )J + PI 3 , 
n , 1 PI 3 + 3C 2 H 5 I = P(0 3 H 5 ) 3 I 2 + 41, 

1 j ] PI 3 + 3P(C 2 H 5 ) 4 I + 21 = 4P(C 2 H 5 ) 3 I 3 , 

Lp(C 2 H 5 ) 3 I 2 + C 2 H 5 I = P(C 3 H 5 ) 4 I + 21. 

(2.) P(C 3 H 5 ) 3 I 3 + 2C 3 H s O = P(0 3 H 5 ) 3 0 + 2C 3 H 5 I + H 2 0. 

. f P(OsHb) A + 2KOH = P(C 3 H 5 ) 3 0 + 2KI 4 - H 2 0, 

1 j LP(C 3 H 5 )J + KOH = P(0 2 H 5 ) 3 0 + KI + C 3 H 6 . 

As these equations have found their way into many text-hooks, and 
as we are convinced by our own experiments that they are erroneous, 
we venture to reproduce them here for the purpose of criticising j 
them. The first four equations have never been supported by any ^ 
experimental facts. The formation of phosphorus triiodide in j 
particular is an assumption which the facts do not justify. The 
obvious polyiodide character of the product found in the reaction is 
entirely overlooked. The decolorisafcion by the subsequent distillation 
with alcohol was certainly due to the presence of the uncombined red 
phosphorus, as was the production of ethyl iodide and phosphorous 
acid; for polyioclides would act towards phosphorus and alcohol in 
the same manner as free iodine does; hut no account is taken of this 
in the equations given. Had Crafts and Silva used a larger propor¬ 
tion of ethyl iodide, they would have got no residue of phosphorus; 
and the distillation with alcohol would have been ineffective. We feel 
convinced, moreover, that they would not have proposed the first set 
of equations, had they been sufficiently acquainted with the appearance 
of organic polyiodides to recognise the real nature of the contents of 
the tubes. Our experiments with both sulphur and phosphorus show 
that there is no reason for representing their reactions with ethyl 
iodide by more complicated equations than those we have given, 
viZ. :— 


S + 30JHJ = S(C 3 H s ) 3 I 3 , and 

2P + 7C 2 H 6 I = P<C 3 H*)J 3 + P(C 3 H 5 ) 3 I 4 . 
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XX.—COXTRIBUTIOXS FROM THE LABORATORY OF 
GONVILLE AXD CAIHS COLLEGE, CAMBRIDGE. 

No, XIII. On a Cubical Form of Bismnthous Oxide, 

By M. M, Pattison Muir, M. A., Fellow of Cains College, and Arthur 
Hutchinson, R.A., Scholar of Christ's College, Cambridge. 

1. When 24 to 3 parts of potassium cyanide in concentrated aqueous 
solution are added to 1 part of bismuth nitrate dissolved in tlie 
smallest possible quantity of cold dilute nitric acid, a white precipi¬ 
tate of hydrated bismutkous oxide is obtained. About nine-tenths 
of the bismuth present as nitrate at the beginning of the reaction is 
precipitated as hydrated oxide; the addition of a very large excess of 
potassium cyanide fails to precipitate all the bismuth. If this pre¬ 
cipitate is thoroughly washed, and then boiled with concentrated 
potassium, cyanide solution, it remains unchanged. 

2. When 24 to 3 parts of potassium cyanide are added to a hot 
solution of I part of bismuth nitrate in the minimum quantity of nitric 
acid, a brownish-red precipitate is obtained; and in this ease also 
about nine-tenths of the total bismuth is precipitated. The composi¬ 
tion of this precipitate is represented by Baedeker to be Bi 2 0 55 2Ii 2 0 
( Annalen , 123, 61) ; one of the present authors has described the pre¬ 
cipitate as an oxycyanide of bismuth (Proo. Boy, Soc. 13din ., 11, 557) ; 
and 0. Hoffmann asserts that the substance is bismuth sulphide 
(Annalen, 223, 110). When this puce-coloured precipitate is re¬ 
peatedly treated with concentrated boiling potash solution, a deep- 
red liquid is produced, and a heavy, greyish-black solid remains. 

3. Numerous specimens of this greyish-black solid have been 
prepared by us. In each case, from 2—2^ parts of potassium cyanide 
were used for 1 part of bismuth nitrate; the liquids containing the 
precipitates were boiled for 10—15 minutes,' and the precipitates 
allowed to settle; the supernatant liquids were poured off, and the 
precipitates were'then heated with boiling potash (1 part of potash to 
6 or 7 of water) ; as soon as the potash became coloured brownish- 
red it was poured off, and treatment with fresh quantities of boiling 
potash was continued till the liquid ceased to be coloured; the 
residues were then washed with boiling water until perfectly free 
from potash, that Is, until the colour of slips of red litmus-paper was 
unaffected after the paper had remained in the liquid for about 
12 hours; they were then dried at 150—170°. 

„ ; 4. The substance thus prepared is a dark-grey, crystalline .powder, 
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which is seen under the microscope to consist of small tetrahedra 
"belonging to the cubic system; it is soluble with difficulty in acids ; 
on heating in air, it turns yellow. Qualitative examination of the 
different specimens shewed—(1.) Absence of chlorine compounds. 
(2.) Absence of sulphur compounds. (3.) Presence of small traces 
of potassium, hut absence of all other metals except bismuth. 
(4.) Presence of very small quantities of nitrogen and carbon. 
(5.) Presence of a little silica. And (6.) Presence of a little water. 

Numerous quantitative analyses of the substance have been made. 

Bismuth was estimated (1.) By heating the specimen in air, then 
dissolving in nitric acid, precipitating as carbonate, and weighing as 
BLQ 3 , (2.) By fusing with potassium cyanide and weighing as Bi. 
(3.) By heating in air, dissolving in hydrochloric acid, precipitating 
as oxychloride, and weighing as BiOCl. 

Oxygen was estimated by heating in pure hydrogen and weighing 
(1) the water formed, and (2) the residue left. 

Silica was separated in the ordinary way during the course of the 
determination of bismuth by methods (1) and (3) above. 

Carbon was estimated (1.) By heating in pure air, and leading tin 
carbon dioxide (a) into a potash tube, weighed before and after the 
experiment; (5) into baryta-water* and determining the BaCO a 
formed. (Dupre and Hake, Jour. Ghem . Soc. Trans., 1879, 159.) 
(2.) By heating in connection with a Sprengel pump, and measuring 
the carbon dioxide evolved. The percentage of carbon found ranged 
from 0*03 to 0*23. J 

Nitrogen was not estimated, as the qualitative examination showed 
it to be present in very minute quantities. <■ 

Determination of Water .—On heating in air, the substance turned 
yellow, and was converted into Bi 2 0 3 , this change being accompanied 
by slight loss of weight, which varied from 0*13 to 0*75 per cent., the 
mean being about 0*3 per cent. 

When heated in a stream of dry nitrogen, quite free from oxygen 
and oxides of nitrogen, the substance does not turn yellow, but a loss 
of 0*5 per'cent, (mean of several closely agreeing experiments) takes 
place; as this loss of weight was almost equal to the gain in the 
weight of a calcium chloride tube attached, the loss was shown to 
be due to the removal of a little water; at the same time, minute 
fragments of metallic bismuth were produced, due to the reducing 
action of traces, of carbon present in the original substance. 

We do not give details of our estimations as the experiments' were 
so numerous; we rather present a condensed statement of the 'results. 

I. The most trustworthy .results for bismuth were obtained from 
a specimen' prepared with great care, and which was specially well 
crystallised; several complete analyses of this were .made, :the sub^, 
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stance being first heated in dry air, silica and potassium being 
determined in the residue. 

Bi«A found varied from 97*45 to 98*10 ; mean = 97*81 per cent., 
which is equal to 87*67 per cent. Bi. 

. II. SiO s varied from 1*1—1*2 Mean value = 1*13 per cent. 

III. The amount of potassium found was equal to 0*45 per cent, 

k 2 o. 

TY. Mean percentage of oxygen found by reducing hi hydrogen , and 
deducting weight of residue from that of original . 

Two different specimens were used; the results varied from 10*58 to 
11*34. Mean = 10*84 per cent. 

Y. Mean percentage of oxygen found by reducing in hydrogen , and 
weighing water formed . 

Two different specimens were used; the results varied from 9*92 
to 12*8. Mean = 10*87 per cent. 

Some small part of the loss of weight observed when the substance 
was heated in hydrogen was doubtless due to removal of water 
associated with the silica and potassium compounds present, and a 
small part of the water obtained almost certainly came from this 
source; but the magnitude of the correction to be applied to the 
oxygen estimation on this account could not be accurately determined ; 
it certainly did not exceed 0*3 per cent. 

The results of the complete analysis of the greyish-black solid may 
then be stated as follows:— 


/Oxygen .. 

Bismuth .. 

Silica.... 

Potash (K 2 0) . 

Water (approx.). 

C and hf (approx.) ... 


10*85 (mean of many determinations made 
with different specimens). 

87*51 (mean of 6 determinations made with 
the same specimen). 

1*13 (mean of 6 determinations made with 
the same specimen). 

0*45 (mean of 3 determinations made with 
the same specimen). 

0*80 (mean of many determinations made 
with different specimens). 

0*20 (N not determined; mean per cent, 
of C from different specimens 

-- = 0*125). 

100*44 


If a correction is made on the bismuth for the quantities of silica, 
potash, water, carbon, and nitrogen, we have;— 
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Calculated for Bi 2 G 3 . 

Bismuth ....... 89*46 Bismuth . 89*65 

Oxygen......... 10*85 Oxygen ........ 10*35 

100*31 100*00 

5. When the greyish-black substance, which we have proved to 
consist almost entirely of bismutkous oxide, was heated to redness in 
air or in a stream of oxygen, it rapidly changed to the colour and 
appearance of ordinary hismuthous oxide. This colour change was 
accompanied by a loss of weight amounting to about 0*3 per cent, (see 
paragraph 4). 

Ivlieroseopieal examination showed that the greyish-black compound 
and the yellow substance remaining on heating in air were identical 
in crystalline form, and consisted of minute regular tetraheclra. The 
sharpness of the outlines and the brightness of the faces of the 
tetrahedrons remained unaffected by heating, the only change visible 
to the eye being that of colour. 

The change produced on heating in air or oxygen almost certainly 
consists in the oxidation of a minnte quantity of the puce-coloured 
compound formed,by the reaction of potassium cyanide with bismuth 
nitrate. This small quantity of the compound in question adheres 
most persistently to the tetrahedral crystals of the hismuthous oxide. 
When the greyish-black crystals are heated in nitrogen, the colour 
does not change, but a very little bisrauthous oxide is reduced to 
bismuth (see paragraph 4) ; in this case the adhering film of the com¬ 
pound containing carbon and nitrogen is not burnt away, but some 
of it reacts with the hismuthous oxide, which it reduces to metal. 

We found that it is possible to remove the whole of the puce- 
coloured compound containing carbon and, nitrogen by prolonged 
treatment with boiling potash solution so concentrated that it 
solidifies on cooling; the residual product is the pale yellow 
hismuthous oxide. Specimens thus prepared and dried at 160° did 
not undergo any change in weight when heated to fall redness in air. 
The long-continued boiling with very concentrated potash tends to 
corrode the cubical crystals, and produce needles, apparently rhombic, 
which are contaminated with much silica. 

b. W© hud that the best method of obtaining cnbical hismuthous 
oxide is to prepare the grey substance as described in paragraph '3, 
and then to heat this in air till it turns yellow. . The oxide 
thus prepared'is pale buff-yellow; it consists of minute but well-' 
developed regular, tetrahedra, the faces of these are very smooth 
and bright, and their edges are in some cases modified by the cube 
planes, or in crystallographic notation the crystals exhibit the form' 
and {100} of the cubic system. , ; 1 , , , 
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According to ISTordenskjold (Fogg. Arm.. 114, 512), bismuthous 
oxide crystallises in rhombic prisms; the ratio of the axes given by 
him is not identical with the ratio for either arsenions or antimonions 
oxide, but the three oxides are probably Isomorphous in the usual 
acceptation of this term. 

It is, moreover, well known that antimonious and arsenions oxides 
are also dimorphous, crystallising in the cubic as well as in the 
rhombic system (Malard is, however, of opinion that the apparently 
cubic crystals of antimonions oxide are in reality built up of indi¬ 
viduals belonging to the oblique system). The cubic crystals of these 
two oxides are usually octahedra, but arsenions oxide sometimes 
crystallises in tetrahedra also, and we may therefore consider that 
the preparation by us of tetrahedral bismuthous oxide establishes 
in a broad sense the isodimorphism of this group of oxides, as is 
seen in the following table:— 


* f rhombic; prisms, 03758 : 1 : 0*35; sp. gr. 4*2 ; 

isemotis oxi e | cll ^ c . oc t a hedra and tetrahedra; sp.gr. 3*689. 

Antimonious f rhombic; prisms, 0*394 : 1 : 1*414; sp. gr. 5*5 ; 

oxide lcubic; (?) octahedra; sp. gr. 5*1. 

Bismuthous f rhombic; prisms, 0*8165 : 1 ; 1*064; sp. gr. 8*3; 
oxide 1 cubic; tetrahedra; sp. gr. 8*828. 


Cubical bismuthous oxide is specifically heavier than the rhombic 
form. The sp. gr. of the specimen prepared by us was found to be 
8*828 at 25°, referred to water at the same temperature (mean of 
several closely agreeing determinations made with different speci¬ 
mens). Herapath (FML Mag., 04, 321 [1824]) gave the value 8*21 ; 
Karsten (Schweigger’s Journ 65, 3*20, 394 [183*2]) gave 8*173; 
Playfair and Joule ( Ghem . Boo. Mem,, 3, 57 [1848]) gave 8*079; and 
Le 'Boyer and Dumas gave 8*45 (see Playfair and Joule). ' The mean 
of these values is 8*304. 

7. We have endeavoured to trace the reactions by which the 
cubical form of bismuthous oxide is produced, but we have not yet 
succeeded in fully elucidating the stages of the process. Our experi¬ 
ments have shown: (1.) That the tetrahedral crystals are formed in 
the largest quantity under the conditions described in paragraph 3. 
(2.) That if the precipitate is thoroughly washed before it is heated 
with potash very few tetrahedra are formed. (3.) That if this 
precipitate is, not washed but is kept in contact with very concen¬ 
trated potash solution for several weeks in the cold, a few tetrahedra 
are formed. 

We have also found that the puce-coloured precipitate produced, by 
potassium cyanide is amorphous. 
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Repeated experiments have convinced ns tliat the action of liot 
potash on this amorphous precipitate frequently results in the forma¬ 
tion not only of tetrahedra, but also of needles which are perhaps 
rhombic prisms, and also of more or fewer twin-crystals somewhat of 
this form— 



In some cases the product consisted mainly of these twins, in 
some the twins were mixed with needles, and in some the product 
was mostly composed of tetrahedra. 

Analyses detailed by one of us ( Proc. Roy. Soc. Edin 11, 557) led 
to the conclusion that the puce-coloured precipitate is an oxvcyanide 
of bismuth. More recent analyses, and an examination of the action of 
acids on this precipitate, lead us to say rather that it is a compound 
of bismuth, oxygen, carbon, and nitrogen. When this precipitate is 
boiled with concentrated potash solution, 2—3 per cent, of the 
bismuth in the substance goes into solution along with practically all 
the carbon and nitrogen. Neutralisation of the deep red liquid thus 
obtained produces a red-brown solid which contains bismuth, carbon, 
nitrogen, and water. Analyses of this solid have led to conflicting 
results; it does not give the reactions of a cyanide, and the nitrogen 
and carbon are present in approximately the ratio 1 : 1*4, whereas in 
cyanogen they are present in the ratio 1 : 0*857. 

We reserve an account of the puce-coloured precipitate and of the 
red-brown solid until we have examined them more fully. 


XXL —CONTRIBUTIONS FROM THE LABORATORY OF 
GONYILLE AND CAXUS COLLEGE, CAMBRIDGE. 

No. XIV, Periodates , Part IL 

By C. W. Ejmmihs, M.A., D.Sc., late Scholar of Downing College, 

Cambridge. ■ ■ 1 . 

In a previous paper on this .subject (this Journal, Trans., 1,887, 356)/, 
I described,,the preparation and examination of certain periodates of 
sodium, potassium, and silver, and expressed my Infce'ptioii^bfhm-;': 
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vestigating tlie periodates of other metals with a view to obtain 
evidence as to the constitution of these compounds. 

I have now prepared periodates of lead, iron, copper, niched, and 
cadmium, by reactions between soluble salts of these elements and 
solutions of periodates of sodium and potassium, and I have made 
direct determinations of the metal and iodine in each salt. (For 
methods of analysis, see Appendix.) 

Periodates of Lead . 

a. Pb 3 H 4 (XO s ) 2 .—On treating a solution of Na 2 H 3 IO« with lead 
nitrate, a light yellow, amorphous salt is obtained, Pb 3 H 4 (TQ fi ) 3 . The 
same salt is obtained by using K 4 LO* instead of the sodium salt. 

Found. 

Calculated. ( -*- % 

Pb 3 H 4 (IO e ) 2 . I. II. 


Pb... 57*86 p. c. 57*86 57*51 p. c. 

1. 23*78 „ 24*01 — „ 


5. Pb 3 (I0 5 ) 2 .—On dissolving Pb 3 H 4 (I0 6 ) 2 in nitric acid, and con¬ 
centrating the solution, it is converted into a dark yellow powder, 
having the composition Pb 3 (X0 5 ) 3 . 

Found. 

Calculated. { - A -^ 

Pb 3 (I0 5 ) 2 . I. II. 


Pb. 59*89 p. c. 59-85 59*99 p. c. 

1. 24*61 „ 23*1 — „ 


On treating sodium and potassium periodates with nitric acid of 
different degrees of concentration, and then adding lead nitrate, the 
periodate, Pb 3 (I0 5 ) 2 , was in all cases obtained. 

o. Pb(I0 4 ) 2 .—If Pb 3 H 4 (IQfi) 2 or Pb 3 (I0 5 ) 3 is boiled for some time 
with concentrated nitric acid, a small quantity of an amorphous red 
salt is obtained, which can be separated from the yellow salt only with 
difficulty. Analysis of this salt points clearly to the composition 
Pb(I0 4 ) s , but it could not be obtained quite pure. 

The salt, Pb 3 (I0 5 ) 2 , readily takes up moisture; PTb 3 H 4 {X0e)2 does 
not. 

On keeping Pb 3 H4(I0 6 ) 2 at 275° for four hours it gave off water, 
and was converted into Pb 3 (10 5 ) 2 . 

Pb 3 H 4 (I0 6 ) 2 = Pb 3 (I0 5 ) 2 + 2H*0. 

Periodates of Iron . 

' Ferric Salts. — -a. FeHX 2 0 9 .—On treating a solution of Ka ? H 3 IOA 
with ferric chloride, a 'light brown precipitate 1 is formed, which: at 
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100° gives off water, and forms a reddish-brown powder of the com¬ 
position FeHI 2 0 9 . The same salt is formed when KJ 2 0 9 is used in 

place of ^a 2 H 3 I0 6 . 

Calculated. 

FeHIoOg. Found. 


Fe... 21‘96 per cent. 22**23 per cent. 

I .. 49*92 „ 49*48 


Boiling with dilute nitric acid appears to have no effect on this 
salt. The results of several analyses gave the same composition as 

above. 

1. Fe(I 04 ) 3 .—On boiling FeHI 2 0 Q for some time with concentrated 
nitric acid, a bright yellow powder is formed, which has the composi¬ 
tion Fe ( 104 ) 3 . 

F err on s Salts, a. Fe 5 (IQ 6 )‘>—On treating a solution of K 4 LO 9 with 
ferrous sulphate, a brick-red, crystalline salt is produced, having the 
composition Fe 5 (X0 6 ) 2 . 

Calculated. 

Fe 5 (I0 6 ) 2 . Found. 

Fe.. 38*58 per cent. 38*05 per cent. 

h. FeFLJOfi.—This salt is produced by adding a solution of 
hTaoHgXOs to ferrous sulphate. It is a light brown powder. 

Calculated. 

FeH 3 IO e . Found, 

Fe.. 19*93 per cent. 20*18 per cent. 

The determination of iodine in the ferrous salts, in both cases, was 
rather less than the calculated values. 

Periodates of Copper. 

OxiflHlOfi.—On acting upon FaoH 3 IOe solution with copper sulphate, 
and boiling, a bright green, crystalline salt separates out, which has 
the composition Cu 2 HI0 6 . A solution of KJ^Og, similarly treated, 
gives the same salt, and also a more soluble one, which appears on 
concentrating the solution (I was not able to get sufficient of this 
latter salt to obtain a satisfactory analysis). 

Calculated. 

Cu 2 HI0 6 . Found. 


On ......... 35*99 per cent. 35*63 per cent. 

I .......... 36*1 „ , 38*81 


This salt is very soluble in nitric acid, and on concentrating this 
solution a bright yellow, crystalline salt is formed, but it could not be 
obtained sufficiently pure, for "analysis. 
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Periodates of Nickel. 

a . Ki 3 (IO fi ) 2 .—This compound is obtained as a greenish -yellow, 
amorphous salt by the action of nickel sulphate on a solution of 
Ka 2 H 3 I0 6 . ISTo action takes place in the cold, but, on boiling, the salt 
separates out as a floccnlent precipitate. 

Found. 

Calculated, ( - A -^ 

Ki 3 (I0 5 ) 2 . I. II. 

STi ... 29*8 p. c. 29*54 29*36 p. c. 

h. ISTia^Og.—On treating a solution of K 4 LO s with nickel sulphate, 
a bluish-green gelatinous precipitate is formed, which, on drying 
at 100°, gives a black crystalline salt having the composition Ni 2 LO a . 

Calculated. 

Found. 

Ki........ 22*75 per cent. 22*32 per cent. 

The determinations of iodine, in each case, were rather below the 
calculated values. 

Eg other salt could be obtained on boiling down the nickel periodates 
nth concentrated nitric acid. 

Periodates of Cadmium . 

CdHIOg.—This salt is readily obtained from Na 2 H s I0 e solution on 
treatment with cadmium sulphate, and with some difficulty from 
K 4 I 2 O 9 . It is a light browm powder. 


Calculated. 

CdHIOg. Found. 

Cd. 34*9 per cent. 34*43 per cent. 

I.. 39*69 „ 39*73 „ 


No other salt of this metal could be obtained. 

Periodates of Potassium . 

It was stated in a previous paper (this Journal,'Trans., 1887, 365), 
that on passing chlorine through a solution of equal weights of 
potassium iodate and caustic potash, XIG 4 was obtained, and that 
K 4 I 2 O 9 separated out from the solution on concentration. I now find 
that K 4 I 2 O 9 is soluble in caustic potash solution, whilst KIG* is almost, 
insoluble, and that if a,smaller quantity of caustic potash is used, or 
if the excess of caustic potash, after'separation of KXG 4 , is exactly 
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neutralised with nitric acid, the salt K 4 I 2 0 9 ,3H 2 Q, mentioned by Ram- 
melsberg, is readily obtained without concentration. It excess of acid 
is used, the salt K 3 HI 2 Q 9 is obtained. 


Periodates of Silver. 

The salts of this metal, mentioned in my former paper, were all 
obtained from the sodium salt, Na 2 H 3 IO fl . I have since made experi¬ 
ments, using K 4 I 2 0 9 instead of the sodium salt, and I find that a 
similar series of salts may he obtained, and in the same order, by 
using nitric acid of different degrees of concentration. The salts 
obtained are Ag 3 HI0 3 , Ag,H ; J0 6 , Ag 3 H 2 I0 6 , and AgI0 4 ,H 2 0 ; but in 
addition to these, AgJ 3 0 9 ,8Ho0 is readily obtained by the direct 
action of nitrate of silver on solution of K 4 I 2 O 9 in presence of nitric 
acid. 

The first salt obtained by the action of silver nitrate on soluble 
periodates is generally stated to be Ag 5 I0 6 ; but with KJ a O®, as with 
NasHglOe, I failed to prepare this salt; in each case I obtained 
AgAIIOs. 

The following is a list of the salts I have prepared and analysed :— 


Meta-periodates 

(HI0 4 ). 

! 

1 

Meso-periodates 

(H 3 io 6 ). 

Para-periodates 

(HjIOg). 

Di-periodates. 

(H 4 IA). 

kio 4 

A" 2 HI0 5 

ISTa-vM <jIOg 

K 4 IA 

a s io 4 -h 2 o 

Pb 3 (I0 3 ) 2 

Na 3 H,d0 6 

K gHIgOg 

a«to 4 

m 3 (I0 6 ) 2 

B%(10 6 ) 2 

Ag,LO 0 -3H 2 O 

Pb(ro 4 ) 2 

Ie(I0 4 ), 

CdHI0 5 

Ai!,.H 3 I0 6 

AftH,tO e 
Pb 3 H 4 (I0 6 ) s 1 

3Te 5 (I0 6 ) 2 
FeH s IO fl 

Cu 2 HI0 6 

Ag 4 I 2 (VH 2 0 

AgJA 

FellijOj, 

NigljO® 


The Constitution of the Periodates .—It is evident that it is quite 
easy to pass from one series of periodates to the other, and that the 
result of boiling down with nitric acid is to convert di-, ineso-, and 
para-periodates into meta-periodates. This is well shown in the case 
of the silver salts, silver nitrate being generally formed, as in the 
case of Ag 2 H 3 I 0 6 ; Ag 2 H 3 I0 6 + HK 0 3 = AgI0 4 ,H 2 0 + H 3 0 4 ~ 
'AghTO,. 

Similarly, in the case of the lead salts, a quantity of lead nitrate 
separates out after the formation of lead meta-periodate, 

Pbs(I0 5 ) 3 + 4HNQi = Pb(I0 4 ) 2 + 2Pb(N0 3 ) 2 + 2H 2 0. 
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The conversion of di-periodates into para-periodates is shown by 
the action of silver nitrate on K 4 I 2 0 9 ; 

KJA + 4AgRO ;J + 3H a O = 2Ag 3 H 8 IO« i~ 4KN0 3 . 

The conversion of para-periodates into meso-periodates may be 
brought about by heating acid para-periodates ; for example 

PbaH/IO.)* = Pb 3 (I0 5 ) 2 + 2H>0. 

On heating Ag 2 HI0 5 to a high temperature, 300°, it loses weight 
and water is given off; the change which takes place is probably 
represented by the following equation:— 

2Ag*HIO. = AgJaOe + H 2 0. 

Thus a meso-periodate is converted directly into a di-periodate. 

By heating acid periodates, changes may be brought about similar 
to those which take place on heating certain acid phosphates and 
in which ortho-phosphates are converted into pyro- or meta¬ 
phosphates. 

Thomsen, from thermal considerations, regards the periodates as 
being all of one type, RJ 2 Oo,3H 3 0; these he would call normal 
periodates, and those in which more hydrogen is replaced he distin¬ 
guishes as mono-, di-, and tri-basic, for example, Ba 5 (I0 6 ) 2 , would be 
written Ba 2 I 2 Q 9 ,3BaO. There appears to be a great difference, how¬ 
ever, between the water of crystallisation and that which is given off 
on heating the acid salts. The w T ater in the former case appears to be 
in a much less stable combination. Thus at 100° the water of crystal¬ 
lisation in most cases is driven off, and in no case does it require a 
higher temperature than 130°. Rammelsberg states ( Pogg. Aim., 134, 
368) that Ag 4 I 3 0»,H 3 0 requires a higher temperature, 150°, but I find 
that if kept at 130° for 12 hours the whole of the water is removed. 
In the case of acid salts, however, no water is given off until a tem¬ 
perature of 270—300° is reached, and in some cases a still higher 
temperature is required. 

If Thomsen’s views are accepted one would expect the salts Ag 2 HI0 5 
and AgAOfcHaO, prepared by different methods, to be the same; but 
they differ in appearance and behaviour. On heating AgJ 2 0 9 ,H 2 0, the 
whole of the water is removed; in the case of the meso-salt, no change 
takes place below 300°. 

Similarly, Ag 2 H 3 I0 6 and Ag4l 2 0 9 ,3H 2 0 are quite distinct in their 
chemical and physical properties. 

On treating solutions of Na 2 H 3 IQ 6 and K 4 I 2 O g with soluble salts of 
certain metals, insoluble periodates are obtained which differ in many 
cases according to the alkali periodate used. If, however, the alkali 

TOL. LV* ' ' , , ■. 



151 


KB1MINS: PERIODATES. 


periodates Na 3 H 3 I0 6 and KJ 2 0 95 3H 3 0 are of the same type, the same 
salt would probably result. 

The ready way in which salts of one series pass into those of 
another series, as shown, for example, by the preparation of the silver 
periodates, may account for the remarkable thermal results observed 
by Thomsen on adding potassium hydrate to para-periodic acid; 
thus— 


First formula-weight of potash produced 

5150 gram-units of heat. 

Second ,, ,, ,, 

21440 „ 

J 3 

Third ,, ,, ,, 

3150 

11 

Fourth and fifth formula-weights of 



potash added .. 

2300 

55 


The general tendency of the action of nitric acid is first to remove 
water and then to convert the resulting periodates into the meta¬ 
salts, often with separation of part of the metal as nitrate, as in the 
cases of silver and lead. 

There can be little doubt, therefore, that there are four distinct 
series of salts ; and I propose to attempt the preparation of nieta- 
ttud mesa-periodic acids from the corresponding salts. 

1 must again express my thanks to Mr. Pattison Muir for continual 
help and suggestions. 


Appendix. 

Method of Analysis .—The method of estimating iodine was as 
described in my previous paper. It is necessary to make a blank 
experiment with measured quantities of potassium iodide solution and 
hydrochloric acid, and to allow for any iodine set free on digesting 
for six hours. 

In one case, when an unusually large quantity of iodine was sot free, 
the quantity was found to be only six equivalents of the iodine in the 
substance; this was probably due to iodide of chlorine not being 
split up by the potassium iodide. Unless periodates of metals of high 
atomic weight are being analysed, not more than 0*3 grain should be 
used with a bottle of 250 c.c. capacity. The lead was estimated as 
sulphate, by treating with sulphuric acid and embedding the crucible 
deep in a sand-bath. By this method, analyses rarely differed more 
than 0*15 per cent. A similar method was used for the estimation of 
silver as chloride. 
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XY. A Compound of Boric Acid with Sulphur Trioxide. 

By R. F. D’Arcy, B.A. 

Boron oxide is one of the few oxides which is stated to behave some¬ 
times as an acidic and sometimes as a basic oxide. The evidence in 
favour of the latter statement is obtained from the isolation of the 
following compounds:—(1) a very stable compound, whose compo¬ 
sition is represented by the formula BP0 4 (Gustavson, JBer 3, 426 
4, 976); and (2) a compound analogous to tartar emetic, but con¬ 
taining boron instead of antimony (Soubeiran and Capitaine, 
J. Pharm 25, 741; Duflos, Schweigger's J., 64, 333, &c.). 

In addition to these, compounds of boric acid with sulphur trioxide 
and sulphuric acid have been described. Merz (J. pr. Chem ., 99, 
181) stated that a substance having the composition corresponding to 
the formula 5B a 0 3 ,2S0 3 ,2H s 0 [S0 3 29*31; B 3 0 3 64*10 ; H,0 6*59] 
could be obtained by heating boric acid with excess of sulphuric acid 
at 250—280°, Merz obtained this compound several times, but in 
certain cases nearly all the sulphuric acid was evolved. 

Schultz-Sellack (Be?*., 4, 15) states that crystals separate from a 
solution of B 2 0 3 in fuming* sulphuric acid, and that the composition 
is represented by the formula B 2 0 3 ,H 3 0,3S0 3 , He analysed this sub¬ 
stance by estimating the amount of sulphuric acid as BaS0 4 , the 
water directly, and the B 2 0 3 by difference. The percentage com¬ 
position according to this formula is— 


so 3 . 

...... 73-2 

BA ... 

.. 21*3 

HoO . 



Experimenting as Merz did, I, like Schultz-Sellack, failed to get 
the substance Merz described; as the temperature rose, sulphur 
trioxide was evolved continuously, and no compound of definite com¬ 
position could be obtained in this manner. 

I next tried to obtain the substance described by Schultz-Sellack, 
but failed to obtain a crystalline compound. I then added finely 
powdered boric acid to a large quantity of S0 3 ; a rather violent 
reaction ensued, the whole liquefied, and was mixed by stirring; the 
mixture was then heated at 100° until sulphur trioxide ceased to be 
evolved. On cooling, a solid separated, and this was dried on tiles 
in desiccators over sulphuric acid. 
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I have analysed substances prepared in his manner, by determining 
the sulphur trioxide as BaS0 4 by precipitation with BaCl 3 , the boron 
trioxide by the methyl alcohol method (Gooch, Proa. Amer . Acad, of 
Arts and Sciences, 1886-1887), and the water by difference. It was 
an advantage to be able to determine tbe boron trioxide directly; the 
estimations by the methyl alcohol method seemed to be satisfactory; 
different analyses of the same substance gave results which never 
differed by as much as 0‘5 per cent. 

The following are the details of the substances so prepared :— 

1 . 2 grams of boric acid were added to 13*2 grams of sulphur 
trioxide. The substance obtained from these as described above gave 
on analysis the following numbers :— 

SO* . 78*8 

BA. 11*3 

H 2 0. 9*9 

2. From 2*2 grams of boric acid and 23*2 grams of sulphur trioxide, 
a substance was obtained possessing the composition— 

S0 3 . 79*7 

BA *.. 10*6 

H a G. 9*7 

3. From 7 grams of boric acid and 35 grams of sulphur trioxide a 
substance was obtained which possessed the following percentage 
composition:— 

SO* .... 78*3 

BA... 12*2 

H 2 Q. 9*5 

None of these differs much from— 

S0 3 . 79*5 

BA. 11*6 

H 2 0 .. 8*9 

which is the percentage composition corresponding to the formula 

BHA>3S0 3 or B(HS0 4 ) 3 . 

The substance thus prepared is a white solid, which melts at about 
215°, and dissolves readily in fuming sulphuric acid. It is very 
hygroscopic, and this possibly explains why the analyses do not agree 
better. 

It is worthy of notice that, in preparing the above substance, the 
proportions of boric acid and sulphur trioxide used varied from about 
1 : 5 to 1 : 12. In order to vary the conditions further, the following 
experiment was made:—5 c.c. of concentrated sulphuric acid and 
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0 grams of boric acid were added to 115 grams of sulphur trioxide, 
and the mixture was heated till sulphur trioxide ceased to be evolved. 
A solid separated out on standing; on analysis, this solid was found 
to have the following percentage composition :—* 


so 3 ...... 

.... SOT 

B.O,. 

.... 11*8 

h 3 o.. 

8T 


which agrees very fairly with the composition given by the formula 
stated above. 

So far as my experiments have gone, S0 3 and dry B 2 0 3 do not seem 
to combine when heated together. 

The compound BfHSQ^a may be a salt of H 2 S0 4 , or it may be a 
compound of H3BO3 with S 0 3 , somewhat analogous to the compounds 
of W0 3 and MoOs with anhydrides. If the presence of water is 
necessary for the formation of the compound, the latter view seems 
to be preferable to the former. 

I hope to continue this work, and, if possible, to obtain similar 
compounds with other acids and acidic oxides, and to investigate their 
properties. 

I have much pleasure in thanking Mr. Pattison Muir, at whose 
suggestion I undertook this work, for help during the course of these 
experiments. 


XXXII.—CONTRIBUTIONS PROM THE LABORATORY OF 
GONVILLE AND OAIUS COLLEGE, CAMBRIDGE. 

No. XVII .—On Compounds of Arsenions Oxide with Sulphuric 
Anhydride . 

By R. H. Adds, B.A., Scholar of Trinity College. 

1. The conditions which determine the formation and stabilities of the 
class of bodies known as “ molecular compounds,” have not yet been 
fully elucidated. It seemed probable that a comparison of the corre¬ 
sponding compounds of a group of allied elements would throw some 
light on this subject. With this aim in view, I have selected the fifth 
group, as the elements are classified on the basis of the periodic law, 
and I propose, in the first instance, to examine some of the analogous 
compounds which the oxides of these elements form with anhydrides, 
TOL. lv. ■ : ' ' '■ 1 1 1 " ' 2$r" 
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To make a beginning, I have studied the bodies formed by the com¬ 
bination of arsenious oxide with sulphur trioxide. 

2. In 1868, Richter found masses of arsenious oxide, containing' 
sulphuric acid, deposited in the flues leading from the pyrites burners 
to the chamber of a sulphuric acid manufactory. These crystals 
were analysed by Reich (Ji pr. Ghem 90, 176), who found in them 
72T8 percent of As 2 0 3 . He states that they were completely decom¬ 
posed by heating. Schafhaiitl ( Berzel . Jcihr 22, 113) also obtained 
a compound of arsenious oxide with sulphuric anhydride, from the 
flues of a sulphuric acid works. By dissolving arsenious oxide in 
fuming sulphuric acid of a strength not specified, Schultz-8 ell ack, in 
1871, obtained crystals the analysis of which agreed with the 
formula As a 0 3 ,4S0 s (Ber., 4, 109) ; these crystals were readily decom¬ 
posed by water. In 1886 (Ber,, 19, 3185), R. Weber obtained two 
compounds, As 2 0 3 ,3S0 a and As 2 0 3 ,6S0 3 , by heating together the two 
oxides and distilling oh* the excess of sulphuric anhydride at definite 
temperatures. 

3. As the products of the reaction of arsenious oxide with sul¬ 
phuric acid of varying degrees of concentration do not appear to 
have been examined, I began by using concentrated sulphuric acid 
(about 98 per cent. HuSCh), and then I examined the effects of dilut¬ 
ing this acid ; I also used fuming sulphuric acid and liquid S0 8 . 

4. In each case the acid was heated to boiling, and powdered 
arsenious oxide was dropped in so long as it continued to be dis¬ 
solved ; the crystals which formed on cooling were drained, at once 
pressed repeatedly between porous tiles which had been thoroughly 
dried, and analysed. In some cases, second crops of crystals were 
obtained by agitating the mother-liquors, or by allowing them to 
remain over fuming sulphuric acid. In one or two cases, the crystals 
■were recrystallised from acid of the same concentration as that from 
which they had separated. In this section, I give a general 
account of the concentrations of the acids employed and the composi¬ 
tions of the compounds obtained; the analytical details are presented 
in section 6. 

A. Sulphuric anhydride used; solution effected by heating in a 

closed tube at 100°. Compound obtained As 2 0 a ,8S0 3 , perhaps 
mixed with As 2 0 3 ,9S0 3 . 

B. Nordhausen acid used, containing 88*3 per cent. S0 3 f and 

therefore approximating to the composition 2H 2 S0^S0 3 ; 
crystals recrystallised from the same acid. 

Compound obtained As 2 0 3 ,4S0 3 ; previously obtained by 
Seliultz-Sellack (section 2). The mother-liquor placed in an 
exsiccator: on"' one ■ occasion deposited crystals which approxb 
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mated in composition to As 3 0 3 ,3S0 3 ; these crystals wore re¬ 
crystallised from “ concentrated sulphuric acid ” ; the composi¬ 
tion of the compound which separated was As 3 0 3 ,2S0 3 , which 
is the same as that of the compound formed when arsenious 
oxide is dissolved in hot concentrated sulphuric acid (see 0 ). 
The mother-liquor from the As 3 0 3 ,2S0 3 deposited crystals 
containing’ rather more S 0 3 than is required by the formula 
As 3 0 3 ,2S0 3 . 

C. Concentrated sulphuric acid used, containing about 98 per cent. 

H 2 SO 4 ; two crops of crystals were obtained. The first crop 
contained less S0 3 than is required by the formula As 2 0 3 ,2S0 3 , 
and more than corresponds to the formula As 3 0 3 ,S0 3 ; probably 
the excess of arsenious oxide dissolved at the higher tempera¬ 
ture crystallised out along with varying quantities of S 0 3 . 
The second crop of crystals agreed with the formula As 3 0 3 ,2S0 3 ; 
recrystallisation scarcely affected the composition of these 
crystals. 

D. Sulphuric acid of different concentrations was used; the con¬ 

centrations are approximately expressed by the formula) 
9H 3 S0 4 ,2H 3 0, 9H 3 S0 4 ,4H 3 0, 9H 3 S0 4 ,6H 3 0, and H*S0 4 ,H s 0. 
In each case, the compound As 3 0 3 ,S0 3 was produced ; previously 
obtained by Richter and analysed by Reich (see section 2). 
Ho compound of As 3 0 3 with S0 3 was obtained by dissolving 
arsenious oxide in acid more dilute than that approximately 
represented by the formula H 2 S 04 5 H 3 0 . 

E. Attempts -were made to obtain Weber’s compound, As 3 0 3 ,6S0 3 

(see section 2), by recrystallising As 2 0 3 ,4S0 3 (see B) from 
hot fuming acid containing so much sulphuric anhydride that 
it solidified on cooling ; the product was not homogeneous; on 
one occasion, the crystals which separated appeared to be 
As 2 0 3 ,3SG 3 ; hut it is probable that the crystals were really a 
mixture. (The substance obtained gave 43*51 per cent. As 2 0 3 ; 
the compound As 2 0 3 ,3S0 3 requires 45*21 per cent. As 3 0 3 ; the 
temperature required for solution was above the boiling point 
of sulphuric anhydride.) 

5. The compounds obtained as described in 4 are very hygro¬ 
scopic; they are decomposed by water, giving solutions contain¬ 
ing sulphuric acid and arsenious oxide; those containing relatively 
much sulphuric anhydride (As 2 0 3 ,8S0 3 , and As 3 0 3 ,4S0 3 ) are separated 
into th^ir constituent oxides below 100°; As 2 0 : ,,2S0 3 does not lose 
weight at 150°, but is completely decomposed at 170°; As 3 0 3 ,S0 
lost 5*4 per cent, by heating at 225° for four hours, the complete 
expulsion of all the sulphuric anhydride would have been attended 
11 : : '' ' : n 2 , , 
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by a loss of 28*7 per cent,; the residue contained both arsenic and 
sulphur. 

The compound As 3 0 3 ,8S0 3 may be called the normal sulphate, 
As,(S 0 4 ) 3 . This compound is less stable than either As 2 0 3 ,2S0 3 or 
As 3 0 3 ,S0 3 ; if was obtained by Weber by dissolving As 2 0 3 in S0 3 and 
distilling oft the excess of the latter at a definite temperature ; but it 
does not seem to have been certainly produced in any of the reactions 
described in this paper. Thus two specimens of Aso0 3 ,4S0 3 were re¬ 
crystallised from fuming acid, approximately SHoSO^SCh; the results 
were as follow:— 




Percentage of AsoO a found. 

Percentage of As»0 3 



Specimen I- 

Specimen II. 

calculated for 

First crystallisation .. 
Second „ 

Third „ ..! 

Fourth „ 

55 *87 p.c. 
44*88 „ 

37 '*79 „ 
60*67 „ 

64 *80 p. e. 
56*24 „ 

As.,0.„6S0, = 29-20 p. c. 
Aso 0 3 ,4S0 3 = 38-22 „ 
As„0 3l 3S0., - 43-21 „ 
As.,0„2S0 3 = 55-31 „ 
A&,0.„6S0 3 = 71-22 „ 


6. The method used for obtaining the various compounds described 
approximately pure and dry, namely, draining quickly and then pressing 
between dry porous tiles, was adopted, because the analytical results 
obtained from preparations which had remained over concentrated 
sulphuric acid were discordant. The comparative dryness of the 
porous tiles was found appreciably to affect the compositions of some 
of the compounds, especially when but a small quantity was at my 
disposal. The chief difficulty was to get the crystals quite free from 
adhering acid without decomposition by exposure to the air; the 
consequent uncertainty increased the experimental error. 

The arsenic in the compounds described was estimated by titration 
with an iodine solution standardised against arsenious oxide. This 
method was found to give better results than that based on oxidation’ 
and estimation as magnesium pyroarsenate, with which I compared 
it in order to see whether any arsenic oxide had been formed by 
reduction of sulphuric anhydride. Sulphur trioxide was estimated 
as barium sulphate; the presence of considerable excess of hydro¬ 
chloric acid, which was necessary to keep all barium arsenate in 
solution, possibly made the results slightly too low. Inasmuch as 
repeated estimations of both arsenious oxide and sulphuric anhydride 
showed that these two oxides were the only constituents of compounds 
prepared as described, it was deemed enough, as a general rule, to 
estimate one of the oxides only. 
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Tile following are the results of the analyses of the different com¬ 
pounds obtained (the reference letters correspond with those used in 
section 4) : — 

A. As 2 0 3 ,8S0 3 . Analyses of five different preparations:— 


I. 13. III. IV. V. 

AsjOs . 22-41 24-2 21-27 24-29 22-05 

S0 3 . 76-06 — — — — 

Calculated for 

c ---*"-\ 

As 2 0 3 ,£lS0 3 . As 2 0 3 ,8S0 3 . As 3 0 3 ,G,S0 3 . 

As 2 0 3 . 21-57 23-68 29-2 

S0 3 . 78-43 76-37 70'8 

B. (1) As a 0 3 ,4S0 3 . Analyses of two different prepai-ations .-— 

Calculated for 
I. II. As 2 0 3 ,4S0 3 . 

As 2 0 3 . — 36-45 38-22 

S0 3 . 61-01 — 61-78 

(2) As«0 3 , 3SOa; from mother-liquor from above. 

Calculated for 
As,0 3 ,3S0 3 . 

As a Oa. 43-99 45-21 

S0 3 . — 54-79 


(3) As s 0 3 ,2S0 3 ; by recrystallising (2) from hot acid contain¬ 
ing approximately 98 per cent. H a S0 4 . 


Calculated for 

I. II. Aa 2 0 3 ,2S0 3 . 

As s 0 3 . — 57-29 55-31 

S0 3 . 45-33 — 44-69 


(Mother-liquor from (3) gave crystals containing (a) 47"65, (6) 
51’03 per cent. S0 3 .) 


C. As 2 0 3 ,2S0 3 . 

Calculated for 

I. II. III. As 3 0 3 ,2S0 3 . 

As 2 0 3 . ... - - 55-42 55-31 

S0 3 . 41-08 44-19 — 44-69 

D. As 2 0 3 ,S0 3 . 

From acid From From From 

9H 2 S0 4 ,2H.,0. 9H. 2 S0.,4H 2 0. 9H 2 S0 4i 6H 2 0. H 2 S0 4 ,H 2 0. 

AsjOa.. 70-65 72-21 — 70-99 

S0 3 ... — 26-19 — 
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As..0 3 
SO, .. 


Calculated for 
As 2 0 3 ,S0 3 . 

. 71-22 

. 28-78 


Solids which separated from acid, approximately H 3 S0.i,2H 2 0, 
gave— 


I. II. II. 

As,0 3 . 98-56 1008 — 

S0 3 .. 0-98 — 5-37 


7. The results detailed in the preceding sections show that 
several definite but unstable compounds of arsenious oxide with 
sulphuric anhydride are produced by dissolving arsenious oxide in 
iiot sulphuric acid of different concentrations, or in hot liquid sul¬ 
phur trioxide, and allowing the liquid to cool. These compounds 
are As 2 0 3 ,8S0 3 , As 2 0 3 ,4S0 3 , As 2 0 3 ,2S0 3 , and As 2 0 3 ,S0 3 . The com¬ 
pounds As 3 G 3 ,6S0 3 and As 2 0 3 .3S0 3 , described by Weber (vide sec¬ 
tion 2), do not seem to be obtained by this method; to procure 
bodies of the compositions indicated by these formulae, it is necessary 
to heat the oxides together, and then to distil off excess of sulphuric 
anhydride at definite temperatures. 

There seems to be an upper and an nncler limit to the number of^ 
S0 3 groups that can combine with As 2 0 3 ; when arsenious oxide is 
dissolved in excess of hot, liquid sulphuric anhydride, under increase* 
pressure, the compound obtained on cooling is probably As 2 0 3 ,8S0 3 
when acid of the concentration approximately represented by the 
■formula H 2 SQ 4 ,H 2 Q is used, the compound obtained on cooling 
As 2 0 3 ,S0 3 ; if the acid is more dilute than this, no compound of tl 
two oxides is formed. When a considerable excess of arsenious oxue 
is dissolved in hot concentrated sulphuric acid, the excess of the 
oxide separates, on cooling, in combination with sulphuric anhydride, 
the quantity of which varies in accordance with the relative masses 
of the oxide and acid used; on agitating the mother-liquors, deposi¬ 
tion of a definite compound occurs. On recrystallisation of the definite 
compounds from the same acids, the same phenomena are repeated, 
100 grams of H 2 S0 4 can hold in solution and combination 1 gram of 
As 2 Q 3 ; if there be more As 2 0 3 than this, the excess separates on Cool¬ 
ing. As regards the action of heat, the most stable compound of the 
series examined Is As 2 0 3 ,S0 3 ; this compound is probably partially 
volatilisable without decomposition. The variety and instability of 
the compounds described bears out the remark of Armstrong, that, hi 
solution, like dissolves like ; instead of the well-marked stable bodies 
which are produced by the combination of negative nitrous and 
sulphuric anhydride, ,N s 0 3 ,2S0 3 , or by the combination of positive;'■ 
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bismuthous oxide with the negative sulphuric anhydride, Bi 2 0 9 ,3S0 3 , 
we have a series of bodies which are definite in composition, but have 
very little stability. 

The compounds of arsenious oxide and sulphuric anhydride do not, 
I think, belong to the category of salts, understanding by this term 
the metallic derivatives of acids *, the method of their production, 
and their instability towards* sulphuric acid, water, and heat, points 
to a constitution analogous to that of the double salts. The com¬ 
pound As 2 0 3 ,3S0 3 , the formula of which might be written As 3 (S0 4 ) 3 , 
is certainly quite as unstable as any of the others. I would regard 
them as composed of two radicles, both of which are negative, but 
one, of course, more negative than the other. These negative radicles 
combine in the ratio of one' to onebut the compound thus formed is 
ready to take up a further quantity of the more negative radicle, and 
Axis further combination depends- on the relative masses of the con¬ 
stituents of the reacting system, namely As 2 0 3 , H s O, and S0 3 . As 
the quantity of the more negative radicle increases relatively to that 
of the less negative, the compounds become more nnstable. 

In the series of compounds we have another example of the shading 
off of chemical into physical action. 

I must thank Mr. Pattison Muir for the use of his laboratory, and 
for kindly hints and assistance during the progress of the work. I 
hope, before long, to communicate to the Society an account of the 
compounds which antimonious oxide' forms with sulphuric anhydride. 
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XXIV .—The Vapour*density of Hydrogen Fluoride. 

By T. E. Thorpe, F.B.S., and F. J. Hambcy 

In a short paper published in the Transactions for 1888 (p. 765), 
we gave a preliminary account of an investigation which led us to 
conclude that the process of breaking np by heat of the molecular 
grouping of hydrogen fluoride in the state of vapour is analogous to 
that of acetic acid vapour, and that there was no evidence that a 
molecule corresponding to the formula of H 2 F S existed through any 
appreciable range of temperature. We now beg to lay before the 
Society,a detailed account of the experiments by which we think this 
conclusion is substantiated. 

The first attempt to determine the vapour-density of hydrogen 
fluoride was made by Gore (Phil Trans., 1869, 173). By heating 
a known volume of hydrogen with a slight excess of fused anhydrous 
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silver fluoride contained in a platinum vessel, Gore found that 1 v». j 
of hydrogen at about 100° became approximately 2 vois. of liydrogt\ u 
fluoride at the same temperature, corresponding with the formula HS\ 

Mallet (Amer. Ghem . 3, 89), in 1881, sought to determine the‘ s * 

density by directly weighing the vapour in a vessel of known 
capacity. The hydrogen fluoride was prepared by heating cryolite 
with 100 per cent, sulphuric acid in a leaden retort, condensing the 
vapour in a leaden worm, and collecting the acid in a leaden bottle. 
Sufficient acid was prepared to produce at least eight times the 
volume of vapour required to fill the vessel employed. This was a 
large flask of Bohemian glass holding about 4^ litres, fitted with a 
cork carrying two tubes, one of which extended two-thirds within the 
body of the flask, whilst the other ended immediately below the 
cork. The flask, cork, and glass tubes were coated with paraffin 
melting at 56°, and the outer ends of the tubes could be closed by 
means of corks also coated with paraffin. The absolute weight, in a 
vacuum, of all the materials was determined. In the first experiment, 
the acid was volatilised at about 25° from the leaden tube, and was 
passed through a small glass tube coated wiw-^araffin and containing 
phosphorus pentoxide; 4347*4 c.c. of vapour at 29° and 743*7 mm. 
were found to weigh 7*250 grains, whence the vapour-density is 
21*06 (H = 1). After its weight had been determined, the acid was 
absorbed by water and the solution tested: it was found to be free 
from silica, lead, sulphuric and sulphurous acids, but gave a reaction 
for phosphoric acid, due to the formation either of phosphorus penta- 
fluoride or, more probably, of phosplioryl fluoride, by the action of 
the hydrogen fluoride on the phosphoric anhydride. Accordingly, 
in a second experiment, the phosphorus pentoxide was omitted, the 
upper end of the leaden worm being directly connected with the large 
flask, and a little of the 100 per cent, sulphuric acid was added to 
the liquid hydrofluoric acid in the leaden bottle whilst still i-irthn 
freezing mixture. A new flask, fitted with Twies as in the first 
experiment, was used, 4394*7 c.c. of vapour at 30*5° and 745*2 nun. 
were found to weigh 6*819 grams, whence the vapour-density 
is 19*66 (H = 1). Hence Mallet was apparently justified, in assum¬ 
ing that the vapour-density of hydrogen fluoride at these tempera¬ 
tures corresponded with the formula H 3 F 2 , which by calculation gives 
the value 20*0 (H = 1), whereas at 100° the density corresponded 
to HP. Mallet concludes his paper by a brief statement of the argu¬ 
ments in favour of the bivalent nature of fluorine as supported by 
Ins experiments, and points, out how the constitution of a number of 
fluorine compounds may be conveniently exhibited on the supposi¬ 
tion that fluorine has the same linking power as oxygen. 

The only other observation of the kind of which we have been able 
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to discover any account was made by Vinzenz Kletzinsky. In the 
obituary notice of this chemist given in the Berichte der deutsch. diem. 
GeselL for 1882, p. 3312, there Is an allusion to the results of experi¬ 
ments published in the Jahresberichte der Handelssehule von Pur yes, 
1873, under the title “ Ein Beitrag zur Che mi e des Fluors,” wherein 
the results of a vapour-density determination of hydrogen fluoride is 
given which led Kletzinsky to the conclusion that fluorine is a bi¬ 
valent element. A reference is made to this estimation in the Ghemiker 
Zeitnng for 1884, p. 755, in ^ paper entitled “Die Fluormineralien,” 
by Frhr. v. Jiiptner, in which it is stated that Kletzinsky found that 
the weight of 1 litre of hydrogen fluoride at 20° (30° ?) was from 
1*75 to 1*79 grams, giving a molecular weight of about 39*5, and 
corresponding with H 2 F 3 . 

It seemed to us important to study this question of the vapour- 
density of hydrofluoric acid in greater detail. The fact that hydro¬ 
fluoric ' Id is liquid at the ordinary temperature, whereas its congeners, 
hycli\ •'hloric, hydrobromic, and hydriodic acids are only liquefied at very 
low temperatures, would seem to indicate a dissimilarity in molecular 
constitution as compared with these substances. Analogy would 
appear to show that-, on the whole, the substance of lowest molecular 
weight should have the simplest constitution. Although water, 
which stands in the same relation to the hydrides of sulphur, selenium, 
and tellurium that hydrogen fluoride does to the hydrides of chlorine, 
bromine, and iodine, resembles hydi*ogen fluoride in being liquid 
the ordinary temperature, there is, on the other hand, a striking 
point of difference between hydrogen fluoride and the other halogen 
hydrides, in the remarkable tendency to duplication of the fluorine 
compounds, as seen in the existence of the so-called acid fluorides, e.g., 
HKF 2 or HF’FK, a fact which has been frequently noted, and which, 
many years ago, led to the suggestion that the true atomic weight of 
fluorine was 38— i.e., twice its present value ; and that hydrofluoric 


acid was in reality 


}<■ 


Gore, indeed, pointed out that hydro¬ 


fluoric acid is by many of its properties placed between hydrochloric 
acid and water, but is much more closely allied to the former than to 
the latter. Hence, therefore, we thought it would be of Interest to 
trace the process of breaking up of the complex molecule of the acid 
from temperatures close to its boiling point under ordinary pressures 
up to temperatures at which the density became normal. We might 
thereby hope to obtain not only additional material towards a discus¬ 
sion of the general theory of gaseous dissociation, but also to gain some 
information concerning the more strictly chemical question of the 
theory of definite valency. 

:; It need hardly be pointed out that a research of this kind presents 
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certain special difficulties. Hydrofluoric acid is a disagreeable and, 
indeed, dangerous substance to work with, owing to its volatility 
and the extremely corrosive nature of its vapour. So energetically 
does it act on the membrane of the throat that an incautious inhala¬ 
tion of the vapour may produce temporary, and, as in the case of 
Knox, who attempted to electrolyse the acid, permanent loss of voice. 
Davy, for the same reason, was obliged to abandon his attempts to 
isolate fluorine. Louyet and JNickles were killed by accidentally in¬ 
haling the vapour of the strong acid. A drop of it on the skin pro¬ 
duces a very serious and painful w r ound, and even the vapour causes 
an intolerable pricking and burning sensation, which in one case 
within our knowledge was only relieved by lancing the linger at the 
place affected. 

Moreover, in storing and using the anhydrous acid we are practi¬ 
cally limited to vessels of platinum, since most of the lighter and 
cheaper metals are more or less acted upon by it. The anhydrous 
acid is said to have little or no action on dry glass, but it is so 
extremely hygroscopic that its indifference towards glass would be of 
doubtful practical benefit in such a matter as the determination of its 
vapour-density. 

Hydrogen fluoride in the liquid state was first obtained by Fremy, 
by heating acid potassium fluoride, a method also followed by Gore 
(he, cit.), who showed that the liquid boiled at about 19°, under 
ordinary atmospheric pressux-e. As this is still the most convenient 
mode of preparation for our purpose, we have employed it in much 
the same mariner as adopted by Fremy and Gore. 

Preparation of Pure Aqueous Hydrofluoric Acid. —Commercial re¬ 
distilled hydrofluoric acid nearly always contains small quantities 
of sulphuric acid, notable quantities of sulphurous acid (from 1*5 to 
2*0 per cent.), and occasionally large quantities of hydrofiuosilicic 
acid. We found Die best method of purification to consist in. adding 
to the crude acid a strong solution of potassium permanganate, and 
thereafter potash, and to redistil from a platinum retort. The acid 
prepared in this way was fouud to be free from silica and sulphur 
acids, and to leave no residue on evaporation. 

Preparation of Acid Potassium Fluoride, —This salt was pre¬ 
pared either by adding the theoretical quantity of pare potassium 
carbonate to the hydrofluoric acid (the strength of which had 
been ascertained by titration) in a large platinum dish and evaporat¬ 
ing to dryness; or by adding the theoretical amount of aqueous 
acid to recently ignited potassium fluoride. In the first method 
the platinum dish was weighed, the aqueous acid poured into it, 
and the whole again weighed. The calculated amount of potassium 
carbonate was then added in small portions at' a time, the. solution 
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evaporated, and. the whole heated until the salt fused to a thin, clear 
liquid, which on cooling solidified to a white, opaque, hard mass. If 
a slight excess of acid were used, the solid salt was less brittle and 
not perfectly opaque. The yield w r as in every case almost exactly 
that required by theory; thus, in one instance, 94 grams were ob¬ 
tained instead of 94*5 ; in another, 106*0 instead of 106*8 grams. 
The acid fluoride was powdered in a clean iron mortar and preserved 
in a leaden canister. Even after two months it showed no signs of 
having absorbed any very considerable quantity of moisture from the 
air. 

The normal potassium fluoride, obtained by heating the acid salt 
to redness, is highly deliquescent. To convert it into the acid 
salt, it was strongly heated in a weighed platinum dish, quickly 
weighed when cold, and mixed with the theoretical quantity of pure 
hydrofluoric acid. The solution was evaporated to dryness and the 
residue heated as above described. 

Preparation of the Hydrogen Fluoride from the Acid Potassium 
Fluoride .—The apparatus employed for this purpose is seen in Fig. 1; 
it differed hut slightly from that used by Gore. The retort, con¬ 
densing tube and receiver were made of platinum-iridium, the various 


Fig. 1. 



parts being fitted together by grinding. The retort was made in 
two pieces, the flanged upper part being connected with the body by 
a well-fitted joint. The condensing tube was 50 cm. long, tapering 
from 1*6 cm. to 0*6 cm. in diameter. The receiver was furnished 
with,a carefully ground-in tubulated stopper, in addition to the solid 
one, through which was inserted the end of the condenser : into the 
tubulated stopper was soldered a short length of platinum tube 
5 mm. in external diameter * this was connected with a leaden 
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certain special difficulties. Hydrofluoric acid is a disagreeable and, 
indeed, dangerous substance to work with, owing to its volatility 
and the extremely corrosive nature of its vapour. So energetically 
does it act on the membrane of the throat that an incautious inhala¬ 
tion of the vapour may produce temporary, and, as in the case of 
Knox, who attempted to electrolyse the acid, permanent loss of voice. 
Davy, for the same reason, was obliged to abandon his attempts to 
isolate fluorine. Lonyet and Kickles were killed by accidentally in¬ 
haling the vapour of the strong acid. A drop of it on the skin pro¬ 
duces a very serious and painful wound, and even the vapour causes 
an intolerable pricking and burning sensation, which in one case 
within our knowledge was only relieved by lancing the finger at the 
place affected. 

Moreover, in storing and using the anhydrous acid we are practi¬ 
cally limited to vessels of platinum, since most of the lighter and 
cheaper metals are more or less acted upon by it. The anhydrous 
acid is said to have little or no action on dry glass, but it is so 
extremely hygroscopic that its indifference towards glass would be of 
doubtful practical benefit in such a matter as the determination of its 
vapour-density. 

Hydrogen fluoride in the liquid state was first obtained by Fremy, 
by heating acid potassium fluoride, a method also followed by Gore 
(he. eit.) } who showed that the liquid boiled at about 19°, under 
ordinary atmospheric pressure. As this is still the most convenient 
mode of preparation for our purpose, we have employed it in much 
the same manner as adopted by Fremy and Gore. 

Preparation of Pure Aqueous Hydrofluoric Acid .—Commercial re¬ 
distilled hydrofluoric acid nearly always contains small quantities 
of sulphuric acid, notable quantities of sulphurous acid (from 1*5 to 
2*0 per cent.), and occasionally large quantities of hydrofiuosilicio 
acid. We found she best method of purification to consist in adding 
to the crude acid a strong solution of potassium permanganate, and 
thereafter potash, and to redistil from a platinum retort. The acid 
prepared in this way was found to be free from silica and sulphur 
acids, and to leave no residue on evaporation. 

Preparation of Acid Potassium Fluoride .—This salt was pre¬ 
pared either by adding the theoretical quantity of pure potassium 
carbonate to the hydrofluoric acid (the strength of which had 
been ascertained by titration) in a large platinum dish and evaporat¬ 
ing to dryness; or by adding the theoretical amount of aqueous 
acid to recently ignited potassium fluoride. In the first method 
the platinum dish was weighed, the aqueous acid poured into it, 
and the whole again weighed. The calculated amount of potassium 
carbonate was then added in small portions at a time, the solution 
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evaporated, and the whole heated until the salt fused to a thin, clear 
liquid, which on cooling solidified to a white, opaque, Lard mass. If 
a slight excess of acid were used, the solid salt was less brittle and 
not perfectly opaque. The yield was in every case almost exactly 
that required by theory; thus, in one instance, 94 grams were ob¬ 
tained instead of 94*5 ; in another, 106*0 instead of 106*8 grams. 
The acid fluoride was powdered in a clean iron mortar and preserved 
in a leaden canister. Even after two months it showed no signs of 
having absorbed any very considerable quantity of moisture from the 
air. 

The normal potassium fluoride, obtained by heating the acid salt 
to redness, is highly deliquescent. To convert it into the acid 
salt, it was strongly heated in a weighed platinum dish, quickly 
weighed when cold, and mixed with the theoretical quantity of pure 
hydrofluoric acid. The solution was evaporated to dryness, and the 
residue heated as above described. 

Preparation of the Hydrogen Fluoride from the Add Potassium 
Fluoride .—The apparatus employed for this purpose is seen in Fig. 1; 
it differed but slightly from that used by Gore. The retort, con¬ 
densing tube and receiver were made of platinum-iridium, the various 
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parts being fitted together by grinding. The retort was made in 
two pieces the flanged upper part being connected with the body by 
a well-fitted joint. The condensing tube was 50 cm. long, tapering 
from 1*6 cm. to 0*6 cm. in diameter. The receiver was furnished 
with a carefully ground-in tubulated stopper, in addition to the solid 
one, through which was inserted the end of the condenser : into the 
tubulated stopper was soldered a short length of platinum tube 
5 m in external diaineter ; this was- connected witha leaden 
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JJ-tube containing a small quantity of oil of vitriol. The condensing 
tube, which was washed and ignited before each experiment, was 
fixed into the condenser by means of caoutchouc joints. The 
condenser was surrounded with a thick layer of flannel, and was 
idled with a mixture of ice and calcium chloride which gave an 
average temperature of —25°, the receiver being also immersed in a 
similar mixture. After the receiver and tubulated stopper had been 
fixed to the condensing tube, the joint w r as covered with a thick layer 
of paraffin to prevent any condensed moisture from finding its way 
into the receiver. Before each preparation of hydrogen fluoride, 
a current of dry air was aspirated through the condensing tube, 
receiver, and leaden (J - tube for about an hour. About 40 grams of 
the acid potassium fluoride, capable of yielding 11*5 litres of hydrogen 
fluoride at standard temperature and pressure, were used for each 
experiment, except in those cases where it was desired to obtain the 
vapour mixed with air (v, infra). The acid fluoride was placed in 
the open retort, melted and maintained in fusion for some little time 
to expel any hygroscopic moisture, the cap placed in position and in 
connection with the condenser, and the distillation proceeded with. 
When the bottom of the retort became red hot, the source of heat 
was removed, and the moisture condensed from the air on to the 
paraffined stopper was removed by blotting paper. The receiver was 
detached from the condensing tube, a wooden stopper covered with 
platinum foil (h 9 fig. 2) was inserted in the hole of the tubulated 
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stopper, and the receiver was connected with the tube of the platinum 
vessel in which the vapour was to be weighed, in the manner shown 
in Fig. 2, the dish supporting the receiver being meanwhile filled with 
ice-cold water. 

Mode of Determining the Vapour-density .—The apparatus employed 
for this purpose is seen in Fig. 2. The vessel in which the vapour 
was weighed was constructed entirely of platinum, the tubes being 
connected with it by autogenous soldering, the two stopcocks being 
fastened to the tubes by gold-solder. The stopcocks (see a, Fig. 2) 
are made of solid platinum, as also are the cones which are ground 
into them. The upper part of the stopcocks is made cylindrical in 
order that a glass cap, 5, might be fitted air-tight upon it by means 
of a caoutchouc ring. The cones were most carefully ground in, and 
the cocks were found to be tight even under considerably reduced 
pressures and at temperatures beyond that at which the vapour- 
density of hydrogen fluoride becomes normal.*' The cones were 
covered with a thin film of vaseline (upon which hydrogen fluoride 
has no perceptible action) before inserting them; at the higher tem¬ 
peratures, we used a mixture of vaseline and anthracene made by 
rubbing the two substances together in a mortar. 

Three determinations of the capacity of the vessel up to the stop¬ 
cocks, at 0° C., made by filling it with distilled water at a known tem¬ 
perature, gave respectively— 


(1) . 288*61 c.c. 

(2) . 288‘54 „ 

(3) . 288*65 „ 


Mean .... 288*60 „ 

Another experiment made when the vessel had been in use for some 
time, and when from the soft and yielding character of the metal it 
might be supposed that its shape might possibly have altered, gave 
288*57 c.c. • ’ 

Before connecting it with the receiver containing the liquid 
hydrogen fluoride, the vessel was carefully rinsed with distilled 
water and heated over a Bunsen flame whilst a current of dry air was 
drawn through it. When cold, the cones were lightly touched with 
vaseline, the caps fixed in position, and the whole placed in the 
balance case, one cock being open in order to equalise the pressure, 
and weighed after standing for about 40 minutes, the temperature 
and pressure being noted at the time. The glass caps were then 
removed, and a piece of cardboard was fastened by wire below the 

* Our thanks are due to Messrs. Johnson, Matthey & Co., for the Care with 
which this very essential portion of the apparatus was constructed. 
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stopcocks in order to prevent any possible splashing on to them from 
the heated glycerol-bath in which the vessel was placed. The vessel 
was next attached to the clamp, and the curved glass tube, e, adjusted, 
so as to keep it in position. It was now lowered into the bath pre¬ 
viously heated to the desired temperature, the platinum U~tube 
containing a small quantity of concentrated sulphuric acid was next 
attached, from which was a long length of thin leaden tube leading 
to the draught place. A current of dry air was then drawn through, 
the entire system. The platinum receiver was next joined to the 
vessel, and the ice was removed from the dish, which was then filled 
with water at about 25°. The hydrogen fluoride I'apidly volatilised 
and expelled the dry air from the vessel, and the passage of the air- 
bubbles could he traced by the slight vibration of the platinum 
U~tu.be. When the hydrogen fluoride reached the oil of vitriol, the 
liquid became hot, possibly from the formation of fluosulphonic acid. 

As soon as the vaporisation, which always took place at a tempera¬ 
ture not exceeding 30°, was complete, the cocks were closed, the 
U-tube and receiver were removed, and the bath was stirred for some 
little time to equalise its temperature throughout. One of the cocks 
was then momentarily opened, the temperature of the bath and the 
barometric height noted, the cardboard removed, the glass caps 
replaced, the vessel withdrawn from the bath and washed with dis¬ 
tilled water ; after being dried, it was placed in the balance case, and, 
after standing for about 40 minutes, re weighed. 

Determination of (he Amount of Residual Air.—After the vessel filled 
with vapour had been weighed, the caps were removed, and the whole 
was immersed in distilled water; the cock of the tube leading to the 
bottom of the vessel was then opened and the water allowed to rush 
in. The water in the bath was stirred, the temperature noted, and 
the platinum vessel raised until the open cock was close to tin? 
surface, when the cock was turned. The platinum vessel after being 
wiped dry was again weighed. 

Deduction of the Observations .—Corrections have been made in each 
experiment for the expansion of the platinum vessel, specific gravity 
of water weighed, and its loss of weight in air. No corrections have 
been made for (1) the change in buoyancy of the air from variations 
in temperature and pressure between the weighing of the bulb and 
air, and the weighing of the bulb and vapour; (2) the aqueous vapour 
in the air at the first weighing ; (3) the possible solution of residual 
air in the water used for absorbing the vapour (as the distilled water 
employed was probably nearly saturated with air, this correction must 
he practically nil) ; (4) the varying height of the barometric column 
due to temperature corrections. 2 and 4 act in opposite directions, 
and nearly eliminate each other under ordinary conditions; 



OF HYDROGEN FLUORIDE. 


171 


The following is an example of the mode of calculation :—■ 
Capacity of bulb at 0° = 2S8‘6 c.c. 

Weight of 1 c.c. of air ab 0° and 760 mm. = 0*0012928 gram. 
Cubical expansion of Ft for 1° C. = 0*000027. 

Thermometer in melting ice registers 4* 0*5°. 

„ at 760 mm. tension registers 100*7°. 

Sp. gr. of air (H = 1) = 14*435. 

Expt. JSfo. 43 ( under Diminished Pressure ). 

Wt. of bulb + caps in air a t 19*7° C. and 772 mm. = 244*0120 
grams. 

Wt. of bulb -I- caps 4* vapour (in air at 17*5° C. and 772 mm.) = 
244*0025 grams. 

Cocks turned off at 31*8° C. 

Barometer 772*3 mm,; manometer reading = 106*2 mm. 

Pressure = 772*3 - 106*2 = 666*1 mm. 

Wt. of bulb + caps 4- Water at 24*3° C. = 528*18 grams. 

(1.) Wt. of air in bulb at first weighing— 

_ 0*0012928 x 288*6 (1 4- 0*000027 x 19*7) 772 _ 0#3??7 
(1 + 0-U03665 x 19*7) 760 


(2.) Wt. of bulb -f air... 244*0120 grams. 

Wt. of air (1)..... 0*3537 „ 

Wt. of vacuous bulb iu air . 243*6583 ,, 

Wt. of bulb + vapour .,. 244*0025 „ 

Wt. of vacuous bulb. 243*6583 ,, 

Wt. of vapour -f residual air. 0*3442 „ 


(3.) Cocks were closed at 31*8° and 666*1 mm. 

Yolume of vapour + residual air at 0° and 760 mm,— 

= 288 ’6'(1 *+ 0*000027 x 31*8) 666*1 „ 226 . 69 c e 


(1 4- 0*003665 x 31*8) 760 
(4.) Residual air—• 

Wt. of bulb + water at 24*3°.. 528*18 grams. 

Wt. of bulb H- air ab 19*7° and 772 mm, 244*01 „ 

(Residual air about 3*6 c.c. = 0*005).. 284*17 

Approximate weight of dissolved HF . 0*34 

■ ' Wt. of ECO — wt. of .same vol. of air,. 283*83 , 
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_ 283*83 _ 

Sp. gr. H 2 0 at 24*3° — sp. gr. air at 19*7° and 772 mm. 
= 284*95 c.c. water at 24*3°. 

Residual air at 0° and 760 min.— 

_ {288*6 (1 -I- 0*000027 x 24*3) - 284-95} 772 _ 

(1 + 0*003665 x 24-8) 760 ' 

3'58 X 0*0012928 = 0*0046 gram. 


Per cent, residual air = = 1*58 per cent. 

226*69 r 

Per cent, vapour = 98*42 per cent. 

Actual pressure of vapour = 666 x 0*9842 = 655 mm. 


(2) Wt. of vapour + air .... 0*3442 gram.. 

(4) Wt. of air. 0*0046 „ 

Wt. of vapour. 0*3396 

• (3) *Vol. of vapour -f- air .... 226*69 c.c. 

(4) Vol.ofair. 3*58 „ 


Yol. of vapour. 223*11 „ 

0*3396 


V.-D. (Air = 1) 


223*11 X 0*0012928 


1*177 


V.-D. (H= 1) 


0*3396 


223*11 x 0*000089578 


= 16*99 


Mol wt. = 1*177 x 28*87 = 33*99. 


A series of experiments was made in this manner at temperatures 
varying between 26*4°, tliat is, about 7° above the boiling point of 
liquid hydrogen fluoride under ordinary atmospheric pressure, and 
88*1°. The results are shown in Table I. 


Table I.— Showing Vapour-density of Hydrogen Fluoride at Tempera¬ 
tures varying between 26*4° and 88*1°. 

Tbeorefcieal yapour-clensifcy. 


Air = 1. H 

E 3 F 3 .. 2*0781 30*0 

H,P 2 .. 1*3854 20*0 

HP.. 0*6927 10*0 
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Table I. 


No. 

of 

expt. 

Temp. 

°0. 

Barometer 
at time 
of expt. 

Per cent, 
of residual 
air. 

Pressure 

of 

vapour. 

V.-D. 
air == 1. 

Y.-D, 

H = 1. 

Mol. wt. 

2 

26 *4 

756 

1*51 

745 

1-773 

25*59 

51 -IS 

21 

27 *8 

763 

2*23 

746 

1-712 

24*71 

49 *42 

7 

29 *2 

762 

1 *55 

750 

1-578 

22*77 

45 *54 

19 

32*0 

754* 5 

1*52 

743 

1-377 

19*87 

39 *74 

4 

33*1 

770'5 

2 *64 

750 

1*321 

19*06 

38*12 

5 

33 *8 

767 

1*14 

758 

1*270 

18*33 

36 *66 

18 

36*3 ; 

751 | 

1*58 

739 

1*115 

16*10 

32 *20 

8 

38*7 

764 | 

1*69 

751 

j 1 *021 

14 *73 

29 *46 

9 

39*2 

759 

2*08 

743 

1*002 

14*47 

28 *94 

10 

42*8 

767-5 

3*42 

741 

0*910 

13*13 | 

26*26 

11 

47*3 

766 

2:76 

745 

0*823 

11*88 

23*76 

12 

57 *5 

760 

1*36 

750 

0 *737 

10 *64 

21*28 

13 

69*4 

764 

2*37 

746 

0*726 

10*48 

20*96 

16 

88 T 

753-5 

1*65 

741 

0*713 

10*29 

20 *58 


These observations are graphically represented in Fig. 3 (p. 174). 
Strictly speaking, they ought to be reduced to a common pressure; 
they may, however, be considered, without} sensible error, as referred 
to the average pressure of 746 mm.* 

A glance at the numbers, and more especially at the curve, at 
once shows that the process of dissociation of the vapour of hydrogen 
fluoride is a perfectly continuous one, and that there is no direct 
evidence of the existence of a molecule corresponding to the formula 
H 3 F 2 . If such a molecule exists, it must he formed only during the 
process of transition of HJBb molecules, and he such that it can 
persist under given circumstances only in the presence of definite 
proportions of molecules more and less complex than itself. The 
density at about 32° corresponds apparently with H 2 F 2 , but the curve 
gives no indication of any condition of statical equilibrium in the 
neighbourhood of this temperature such as would be manifest if such 

*■ Influence of possible errors of observation upon the result. 

Expt. 19. Y.-D. 1*377 at 32*0° C. and 743 mm. 

Difference of 1 mm. in all the barometric readings affects the result by 0*0005. 

Difference of I mm. in the reading of the barometer, at time of turning off cock, 
by 0*0017. 

Difference of 1° 0. in reading temperature of bath, by 0*004. 

Difference of 0*001 gram in the weighings by 0*003. 

Expt, 42. Y.-D. 0*789 at 32*3° C, and 353 mm, (diminished pressure). 

Difference of 1mm. in reading of manometer, by 0*002. 

Difference of 1° C. in reading temperature Of bath, by 0*003. 

Difference of 0*001 gram in the weighings, by 0*007, 
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Fia. B.—-Vapour-density of Hydrogen Fluoride at varying Temperatures, 



a molecule were capable of in dependent existence. At temperatures 
below this point, tlie vapour-density gradually increases in angular 
manner until at 26*4°, the lowest temperature observed, the vapour- 
density becomes 1*773, equivalent to a molecular weight of 51*2 
(H 3 F 3 = 60) ; as it is heated, the vapour behaves like a mixture of a 
complex molecule H^F*, or of HJ&b- and H^F^ molecules, with ..a. 
gradually increasing number of molecules of HF, the process of dis¬ 
sociation being perfectly continuous until the temperature increases 
to about 60°, when the density becomes approximately normal, that 
is, corresponds to a vapour consisting wholly of HF molecules. 

On comparing Mallet’s values with those obtained by us, it will be 
seen that his numbers lie very nearly upon the curve above given. 
As it happens, the pressure at which his observations were made is 
almost exactly the mean pressure in our experiments. Mallet’s num¬ 
bers reduced to air as unity are respectively 1*459 at 29° and 1*363 
at 30*5°. These values are indicated by the small circles on the 
diagram. The divergences from our curve are such as might be 
caused by a difference of about 1° C. in the temperature of the 
vapour, and as Mallet employed upwards of 4| litres of vapour— 
whereas the volume in our experiments was less than 300 c.c,, such 
a difference might well exist, especially when we bear in mind that a 
considerable amount of heat must be absorbed in the conversion of 
the complex molecules into the more simple ones- Moreover, it must 
not be forgotten, as Willard Gibbs has already pointed out, that when 
the density varies rapidly with the temperature, determinations of 
density for the same temperature and pressure by different observers, 
or different determinations by the same observer, exhibit discordances 
which are of 1 'an entirely different order of magnitude frorn ( thost‘. 
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winch occur with substances o£ normal or constant densities, or which 
occur with the same substance at temperatures at which the density 
approaches a constant value. In any case, the variation is sufficiently 
small to show that the material of the vessel has no very sensible 
influence on the result, and that there is no tendency to occlusion or 
condensation on the platinum. This fact is of some importance, 
since Konowaloff (. Ber ., 17, 1861, and 18, 2808) has offered some 
experimental evidence to show that in the case of the tertiary amyl 
acetate and chloride, normal propyl and isopropyl bromides, formic 
acid and other substances, the nature of the vessel exerts a very con¬ 
siderable influence on the rate and extent of the dissociative change, 
due possibly to the effect of suifface-tension (compare, however, 
V. Meyer and Pond, Ber., 18, 1623). 

Dissociation-curves are of two kinds. The first type is that ex¬ 
hibited by the well-known case of amylene hydrobromide, in which 
the density of the vapour remains constant within certain limits of 
temperature, and then begins to deei’ease as the temperature rises, 
at first slowly, then more rapidly, and then again slowly, until at a 
certain temperature the vapour-density once more became constant, 
and in this special case the final constant value is exactly half of the 
initial constant value. 

This particular character of the change has been noticed in many 
instances, but it has only been carefully studied in comparatively few, 
the best known of which is nitrogen peroxide. In that case, the 
process of decomposition is generally regarded as the resolution of 
N 2 O 4 mols. into molecules of hT 0 2 ; and on this assumption the per¬ 
centage decomposition at each particular stage of temperature can be 
calculated on the basis of Avogadro’s hypothesis. A curve showing 
the increase of dissociation for a given increment in temperature is 
perfectly symmetrical: it gradually rises to a maximum, and then as 
gradually descends to a minimum. E. and L. hTatanson (Wiedemann, 
Ann. Phys. Ghern 24, 454) have determined the relation of the 
specific heats at constant pressure and at constant volume of nitrogen 
peroxide at different stages of the dissociative change by Kundt’s 
method, with the object of obtaining evidence as to the molecular 
constitution of the gas at different temperatures; and the result of 
this work tends to show that the change consists in the transforma¬ 
tion of hT 2 0 4 molecules into bT0 2 , and that it is not, as Deville 
declared, and as Berthelot, Troost, and Lemoine still maintain, de¬ 
pendent upon any variation from the laws of Boyle and Gay-Lussac, 
exhibited by the vapour. Further evidence that nitrogen peroxide is 
actually hT 2 04 , even in the liquid state, is afforded by the experiments 
by Baoult’s method of Professors Ramsay and Young (Trans., 1888, 
622). They have shown that the depression in the melting point of 

'/ ' ' . . / 0 2 : 
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acetic acid by the addition of nitrogen peroxide corresponds to a- 
molecular weight of 92, and hence, therefore, to the formula N 3 O 4 
(see also Ramsay and Young, Phil . Mag., Feb., 1887). 

How, w r hen we apply these considerations to the case of hydrogen 
fluoride, we are met with the difficulty that we have no knowledge of 
the molecular constitution of the vapour below the temperature at 
which the density becomes normal. It is obvious that the change 
cannot be solely attributed to a resolution of II 2 F 2 molecules into 1 
HF molecules. ISTor, unless there is a turning point in the curve at 
temperatures below 25°, analogous to that observed in the case of 
amylene hydrobromide, can we definitely conclude that the molecule 
at the lower temperatures is H 3 F 3 . The existence of the acid fluoride, 
KF,HF, which has been written KF—EH, has been held to justify 
the supposition that HF—FH also exists. Rut Moissan ( Oonvpt . rend., 
106, 547—549) has shown that hydrofluorides of potassium fluoride 
of the formulae IvF,2HF and KF,3HF may he obtained, and these 
may equally be held to justify the supposition that the molecules 
H.iF 4 and H 3 F 3 also exist. The former compound is stable only at 
low temperatures; the latter may be heated to its liquefying point, 
viz., 105°, without decomposition. These compounds are strictly 
analogous to the hydrochlorides of chlorides of gold, platinum, 
mercury, and cadmium, and to the hydrochlorides of zinc chloride, 
ZnCl 2 ,HCl and (ZnCl 2 ) 3 ,HCl, described by Engel (Ann. Ghvm . PA?/, 9 . 
[6], 1887,10, 424). Rut the existence of these substances has not 
usually been regarded as justifying the polyvalent character of chlo¬ 
rine. Hence, therefore, the argument as to the bivalent or, indeed, 
polyvalent character of fluorine seems to us to be inconclusive. 

It would have been interesting, 110 doubt, to have made determina¬ 
tions at temperatures even closer to the boiling point than we have 
actually done, but the experimental difficulties in the way of such 
determinations are very considerable; a very slight reduction in the 
temperature of such parts of the apparatus as were necessarily out¬ 
side the bath might at temperatures so near the condensing point of 
the hydrogen fluoride, occasion very serious errors. They might* in 
fact, have occasioned an apparent turning point in the curve when no 
such discontinuity in reality existed. 

Extrapolation is of course always hazardous ; but if the direction 
of the curve of vapour-density (Fig. 3) be prolonged from 25° to 19° 
—that is, to the boiling point of the hydrogen fluoride, the calcu¬ 
lated molecular weight of the vapour at the latter temperature ap¬ 
proximates to a value between H 4 F 4 and H 3 F 3 , How, assuming 
Haumann’s theory of dissociation to be valid, it may be worth while 
to trace the dissociative change, on the supposition that it consists 
of'the; resolution of!■ Neither H 4 F 4 or H 3 F 3 molecules into HF molecules. : 
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The following table shows the observed density of the hydrogen 
fluoride at the various temperatures ; the percentage decomposition 
of the H 4 F 4 and H 3 F 3 molecules at that temperature calculated by 

D—D' 

the well-known formula 7 -tvfto a ^d ^ke mean increase of dissocia- 

(n — 1 )D 

tion for 1° C. over intervals of above 5° up to the temperature 42*8°, 
and thereafter over the intervals of the individual experiments. 


Table II. 



Density. 

Percentage decomposition. 

Mean increase for 1° C, 

0 . 

s 4 F 4 . 

h 3 f 3 - 

H 4 F 4 . 

h 3 f 3 . 

26 *4 

1-773 

per cent. 
18-76 

per cent. 

8'60 

per cent. 

per cent. 

27-8 

1-712 

20*63 

10*69 

— 

—. 

29 '2 

1*578 

25 -20 

15-84 

2*30 

2*60 

32-0 

1*377 

33-75 

25 *45 

— 

— 

33*1 

1*321 

36-59 

28-65 

— 

— 

33*8 

1 *270 

39*41 

31*81 

3*09 

3-47 

.36-3 

1*115 

49 *52 

43 *19 

— 

— 

38*7 

1 *021 

57*14 

51-77 

3*62 

4*07 

39*2 

1*002 

58 *86 

63-71 

— 

— 

42*8 

0*910 

68*17 

64-19 

2*70 

3*03 

47*3 

0 *823 

7S *91 

76 -25 

2*39 

2*68 

57*5 

0*737 

91 *98 

90-97 

1*28 

1*44 

69 ‘4 

0*726 

93 *91 

93 -11 

0*16 

0*18 

88*1 

0*713 

96 *23 

95 -72 

0*12 

0*14 


The main result of this table is to bring out the fact that, as in the 
.case of nitrogen peroxide, the increase of dissociation becomes greater 
and greater as the temperature increases, until it obtains its maxi¬ 
mum when about 50 per cent, of the heavier molecules have been 
decomposed, after which the increase becomes gradually smaller, at 
first slowly, and then rapidly. The curves showing the mean in¬ 
crease (Kg. 4 , p. 178)resemble, in fact, that given by Naumann (Thermo- 
chemie , 1882, 1171) in order to represent the increase in the rate of 
dissociation of nitrogen peroxide, but with this very marked dif¬ 
ference, that the mean increase for 1 ° 0 . in the case of hydrogen 
fluoride is at its maximum nearly three times as great as that of 
nitrogen peroxide. 

But the genei'al character of the dissociation-curve of hydrogen 
fluoride (Fig. 3) more nearly resembles that of the second type. It 
has, indeed, the closest analogy to the dissociation-curve of acetic 
^qid, except that in the case of hydrogen fluoride the process of mole¬ 
cular breaking down is effected over a much shorter interval of tern- 
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Fig. 4.—Curves showing mean amount of dissociation for 1° C. at varying tempera¬ 
tures, and at 7G0 mm. pressure. 

30° 40° 50° 60° 70° 80° 90° 



perature. As to the nature of the molecular groupings in acetic acid 
vapour below 250°, at which temperature the density first appears, 
under ordinary atmospheric pressures, to correspond with C-jHiOa, we 
have no more knowledge than in the case of hydrogen fluoride. All 
we know is that at the lower temperature the density approximates to* 
a molecular weight corresponding with CJECgCb and Horstmann 
(Annalen, Suppl. 6 , 53) has suggested that the existence of the acid 
potassium acetate, KC 4 H 7 O 4 or may be held to indi¬ 

cate that such a duplication of the ordinary molecule in the gaseous 
state can take place, exactly as the existence of the acid potassium 
fluoride, KF,FH, has been regarded as evidence of the existence of 
HJBV It must, however, be admitted that the argument has no 
greater weight in the one instance than in the other (see, however, 
Ramsay and Young, loo . cii.). 

It is well known that in all these cases the extent of the dissocia¬ 
tion corresponding to any given temperature is greatly augmented by 
reduction of pressure. We have accordingly made a series of observa¬ 
tions of the vapour-density of hydrogen fluoride at a given tempera¬ 
ture under varying pressures. The apparatus we have employed for 
this purpose is seen in Fig. 5. 

The platinum vessel, after having been filled with hydrogen 
fluoride in the manner already described, was attached by means of a 
short length of narrow leaden tubing a to the glass tube b which, in 
its turn, was connected with the manometer c, and the exhausting 
syringe d. The glass tube was provided with a stopcock, and 
between the end of the tube and the syringe were two U-tubes filled 
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Fig. 5. 



■with. soda-lime. The various parts of the glass, as also the rubber 
corks and joints, were cai’efully coated with paraffin. The glycerol 
bath having been brought to the constant temperature, and maintained 
at that point for some time, the exhausting syringe was worked until 
the mercury in the manometer stood at some little distance above the 
desired pressure, when the glass stopcock e was closed and the stop¬ 
cock of the platinum apparatus cautiously opened; the alternate 
opening and closing and occasional working of the syringe being 
repeated until the desired reduction of pressure was effected. Re¬ 
peated observation showed that the molecular breaking down of the 
enclosed hydrogen fluoride is not absolutely instantaneous; but great 
care was taken to ensure that the volume of the hydrogen fluoride 
showed no further alteration; in all cases both temperature and 
pressure became eventually constant, and remained so for some time 
before the Anal readings on the attached millimetre scale / and ther- 
mometer t were taken. The apparatus was then weighed, and the 
amount of the residual air determined in the manner already described. 
The results are seen in Table III (p. 180). 

These results are graphically represented in Fig. 7, p. 182. 

It will be at once evident why the particular temperature of about 
82° was selected. It is at this point that the vapour of hydrogen 
fluoride is supposed to consist wholly of H 2 F a molecules. It will be 
seen, however, that the slightest alteration of pressure at this tern- 
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Table III.—Showing Vapour-density of Hydrogen Fluoride tinder 
varying Pressures and at a constant Temperature (81*8—32*5°). 


No. of 
expt. 

°C. 

Mano¬ 

meter. 

Per cent, 
of residual 
air. 

Partial 

pressure. 

V.-D. 

Air ~ 1. 

19,. .. 

1 

32 -0 

754-5 

1*52 

743 

1-377 

44.. .. 

32*2 

703 -0 

2‘35 

686 

1-239 

43.... 

31 -8 

666-0 

1*58 

655 

1-177 

41,... 

32 -0 

613-0 

1*68 

603 

1 -068 

40.... i 

32*5 

570-0 

4‘45 

545 

0-963 

39.. .. 

32 *3 

511-0 ! 

2*45 

498 

0-920 

45.... 

31*9 

371-0 

4*65 

354 

0-797 

42.. ..j 

32 *3 

372-0 

5*21 

353 

0-789 


V.-I). 

1 = 1. 

Mol, vvt. 

19 *87 

39-74 

17*89 

35 *78 

16*99 

! 33 ‘98 

15 *41 

30*82 

13 *89 

27 *78 

13 *27 

26 *54 

11*50 

23*00 

11 *39 

22 *78 


perature at once disturbs the ultimate proportion of fclie complex to 
tbe simpler molecules in the gaseous mixture, and accordingly there 
is here no evidence of the existence of a stable molecule correspond¬ 
ing to H 2 F 2 . 

The reduction of the actual pressure may, however, be effected by 
diluting the hydrogen fluoride with an indifferent gas, as, for example, 
dry air. We have accordingly made a series of experiments at a 
constant temperature (about 32°) and at atmospheric pressure, by 


Fig. 6. 
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diluting tlie hydrogen fluoride with air, weighing the mixture, and 
determining the amount of admixed air in the manner already 
described. The platinum vessel was first filled with hydrogen fluoride 
in the usual manner, and air, dried by long contact with oil of vitriol, 
was passed into the apparatus from the graduated reservoir (Fig. 6). 
It was of course necessary to pass a greater quantity of air Into the 
platinum vessel than was ultimately found there. After passing the 
air into the bulb, the (J -tube and air reservoir were removed and the 
bath kept at the constant temperature for about half an hour before 
finally equalising the pressure in the bulb. In determining the 
residual air, the vessel was left under water for at least 30 minutes, 
the cock being occasionally turned off and the vessel briskly shaken. 

The numerical details of this series of experiments are given in 
Table XV. 


Table IV.— Showing the Vapour-density of Hydrogen Fluoride at about 
32° ivhen mimed with varying Quantities of Air. 


No. of 
expt. 

Temp. 

°0. 

Barometer 
at time 
of expt. 

Per cent, 
of residual 
air. 

Partial 
pressure 
of vapour. 

V.-D. 

Air = 1. 

V.-D. 

H = 3. 

Mol. 

*wt. 

19 

32*0 

754 *5 

1*52 

743 

1 -377 

19-87 

39-74 

6 

31*7 

757-5 

4-57 

723 

1 *309 

18*90 

37*80 

23 

31*8 

765 -0 

6*94 

712 

1*290 

18*62 

37*24 

3 

32*5 

772-0 

12 *59 

675 

1*182 

17*05 

34*10 

24 

; 31*7 

769-0 

20*59 

611 

1*102 

15*91 

31*82 

27 

i 31 *7 

762-0 

24*62 

574 

1*035 

14*94 

29*88 

29 

31*7 

750 -0 

28*15 

539 

0*967 

13*96 

27*92 

31 

| 31*6 

762 -0 

39 *25 

463 

0*854 

12 *32 

24 *64 

30 

; 31*5 

744-0 

49*58 

375 

0*785 

11*33 

22*66 


A graphical representation of these results is seen in Fig. 7. The 
temperature of about 32° was selected with the view of seeing if the 
intervention of the air particles made any difference in the amount of 
dissociation. The character of the curve representing the decrease 
in density by direct diminution of pressure—that Is, by the use of 
the exhausting syringe, is identical with that given by mixing the 
vapour with air. The results given in Table III are indicated in 
Fig. 7 by the crosses: it will he seen that they lie practically on the 
curve. Hence it would appear that the intervention of the air particles 
‘ has no effect on the extent of the ultimate molecular breaking down 
of the hydrogen fluoride molecules corresponding to a particular 
diminution of pressure. The presence of the air may alter the rate 
of the dissociation, hut it would seem to have no appreciable influence 
on its amount. 
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Fig. 7, —Results obtained with Diminished Pressures at Temperatures between 

31 -5° and 32 ‘5° 0. 

Results marked x diminution of pressure obtained directly. 

Results marked . by mixing vapour with air. 

700 640 580 520 460 400 340 

43*2 


37 ‘5 


31 *8 


26 '0 


20 *0 

760 700 640 580 520 460 400 340 280 

We have thought it -would be of interest to trace the dissociative 
change consequent on reduction of pressure at another temperature, 
and we have accordingly made a series of experiments at a tempera- 
lure of about 42*5° with gradually increasing quantities of admixed 
air. The results are seen in Table Y. 



Table Y.— Showing the Vapour-density of Hydrogen Fluoride at about 
42*5° when mixed toith varying Quantities of Air. 


JSTo. of 
expt. 

Temp. 

n o; 

Baro¬ 

meter, 

Per cent, 
of residual 
air. 

Partial 

pressure. 

V.-D. 
Air = 1. 

Y.-D. 

H » L 

Mol. 

wt. 

10 

42 *8 

767*5 

3*42 

741 

0*910 

13 *13 

26 *26 

37 

42*1 

759 -0 

5*39 

718 

0*877 

12*65 

25*30 

35 

42*2 

773-0 

17*18 

640 

0 *814 

11*74 

23'*48 

36 

42*2 

770-0 

18*01 

631 

0*813 

11*73 

23 *46 

34 i 

42*0 

770-0 

21*98 

601 

0*802 

11 *57 

.. 23 *14 

32 

42*0 

765-0 

22-96 

589 

0*784 

11 *32 

22*64 

38 

■42*4 

750-0 

42*07 

434 

0*745 

10 *75 

21*50 

33 

42*5 

762-0 

51*38 

370 

0*704 

10*16 

20"*32 


Fig. 8 gives a graphical representation of the change; as might be 
expected, the decrease in density for a,given alteration in pressure is 
much less at 42*5° than at 32°, and the curve in the former case more 
nearly approximates to a straight line. 
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Fia. 8.—Results obtained by mixing the Vapour with Air at Temperatures between 

42 *0° and 42*8° 0. 

700 640 580 520 460 400 340 



760 700 640 580 520 460 400 340 288 


Form alas connecting the yap our-density of a dissociable gas with 
its temperature and pressure, based on thermodynamical considera¬ 
tions, have been constructed independently by Willard Gibbs (Amer. 

Sci 1879; Chem. News , 1879, 222), Boltzmann (Wied. Ann., 22, 
39), and J, J. Thomson (“ Applications of Dynamics to Physics and 
Chemistry,” Macmillans, 200). These formulas hare hitherto had 
reference to the cases of substances like nitrogen peroxide, acetic acid, 
and formic acid, where a molecule of the substance in the initial state 
is held to dissociate into two molecules of the same kind, or into two 
molecules occupying the same volume. In the case of hydrogen 
fluoride, the changing system is probably more complex, and if we 
assume the initial state to correspond with H 4 F 4 , we may have 
mixtures of molecules of all .intermediate values down to HF. In 
such cases, the mathematical expressions in their original form are no 
longer applicable. 

The formula— 


log Dd(D - DO 
'p 3 (4DT - D> 


A" - B' log t + 

t 


in which D 4 = 0*693 

A' = 2178*1047 

B' = —729*7222 
C = 108409*9 


reproduces the values in Series I with an average error of from 0*01 
to 0*02, but in the cases of Series IY the values obtained from the* 
equation are much further from those of observation. 

It has already been stated that a prolongation of the curve in 
Fig. 3 from 25° to 19° leads to an approximation to the value B 4 F 4 as* 
the molecular weight of hydrogen fluoride at the point of liquefaction.. 
How, bearing in mind the analogies between water and hydrogen 
fluoride already noticed, it is worth pointing out that this- 
determination of the weight of the physical molecule of hydrogen 
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fluoride agrees witli Raoult’s estimation of tlie probable value of tlie 
physical molecule of liquid water obtained by experiments on the 
influence of soluble substances in lowering its melting point (Ann. 
Ghem. Phys . [6], 292). 

Possibly a direct determination of tlie molecular weight of liquid 
hydrogen fluoride might be made on the principle of Raoult’s method 
if an appropriate solvent could be found, together with a form of 
apparatus in which the use of glass was obviated. At present, how¬ 
ever, we have no hope of being able to make such determinations. 


XXY.— Decomposition of Potassic Chlorate by Seat in the presence of 
Manganic Peroxide . 

By Herbert McLeod, F.R.S. 

Tee familiar process of preparing oxygen by heating a mixture 
of potassic chlorate and manganic peroxide, first described by 
Dobereiner in 1832 (Annalen^ 1 , 236—237), has been investigated by 
many chemists in the endeavour to trace the cause of the very ready 
decomposition of the chlorate ; the matter, however, seems to be still 
rather obscure, and the experiments described in this note were un¬ 
dertaken in the hope of farther elucidating the subject. 

Many years ago it struck me that the physical condition of the 
manganic peroxide was changed by beating with the chlorate, and 1 
made a few experiments on the subject, but without any satisfactory 
result. 

During the last three months a series of experiments has been 
made with various kinds of peroxide of manganese, and there is no 
doubt about the change of the peroxide. 

The temperature employed has usually been that of boiling 
mercury, and the experiments have been carried out in the simplest 
way. A test-tube was weighed and about a gram of powdered 
potassic chlorate (which had been once recrystallised from water, 
powdered, and dried in a water-oven), and about 1/lOth of its weight 
of manganic peroxide were introduced. The test-tube, attached by 
a bent tube and corks to a (J -tube containing a solution of potassic 
iodide, was then placed into a wider test-tube, containing a small 
quantity of mercury, and the latter heated until the vapour; of the 
mercury rose some distance above the mixture in the interior tube. 
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Potassic chlorate undergoes no perceptible decomposition at the 
temperature of boiling mercury; the powder, however, cakes together, 
and when the experiment is observed under the microscope there is 
an appearance of incipient fusion. In one experiment (I) (see Table, 
p. 193) 1*7107 grams of potassic chlorate was heated in mercury 
vapour for an hour and lost 0*0018 gram, or 0*105 per cent. In 
another case (XVII), 1*4402 gram of the chlorate was heated for 
10 hours and the loss was 0*0024, or 0*167 per cent. This experiment 
was done under the microscope, and there were signs of fusion in 
15 minutes after the heating commenced. The loss in weight was 
probably due to the presence of a small quantity of water. 

The oxide of manganese used was obtained from various sources. 
Some, called a crystalline,” obtained from Messrs. Hopkin and 
Williams, was in fragments of a cxystalline structure ; this was 
broken up in a mortar and levigated, the very fine particles being 
rejected. The rest was dried and sifted, the portion which remained 
between sieves with apertures of 0*19 and 0*16 mm. was [kept' and 
called £t granular oxide ; ” it contains a small quantity of iron. 

Some manganic peroxide was prepared by adding a solution of 
bleaching powder to a solution of manganous chloride, the precipitate 
was collected and washed, and afterwards boiled in acetic acid to 
remove any calcic carbonate present. It was then washed, dried, and 
heated for some time in a test-tube surrounded with mercury vapour. 
The compound was found from its loss on ignition to be Mn 5 0 9 . 

A specimen of crystalline pyrolusite was used in some experiments. 
This was powdered and levigated, and the coarser portions employed. 

I am indebted to Mr. V. H. Veley for two specimens of manganic 
peroxide, one of which was precipitated by the action of chlorine 
on pure manganous acetate (Trans., 1880, 37, 581). Mr. Veley 
attributes to this compound the formula Mn 0 On 4- a?OH 3 . When dried, 
first in the water-oven and afterwards in the vapour of boiling 
mercury, it lost 7*182 per cent. The other specimen was a piece of 
finely crystallised pyrolusite from Windsor, Xova Scotia ; it contains 
a trace of iron. 

The first experiment (II) was made with 1*0276 grams of potassic 
chlorate mixed with 0*1015 gram of “ granular peroxide.” The 
test-tube was heated in a beaker of mercury. At 13° below the tem¬ 
perature at which the mercury boiled, gas came off slowly, but at 
the boiling point the evolution was rapid. The solution of potassic 
iodide was coloured, and on titration with sodic thiosulphate it was 
found that the amount of chlorine which had been evolved was 
0*0375 per cent, of the quantity of chlorate employed. The loss of 
weight of the test-tube and contents was 0*3975 gram, or 38*682 per 
cent, of the chlorate used. Taking 39, 35*37 and 15*96 as the atomic 
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weights of potassium, chlorine, and oxygen respectively, the per¬ 
centage of oxygen in potassic chlorate is 89'166. The residue in the 
test-tube was extracted with water and filtered through a weighed 
filter, the manganic peroxide was now in a very fine state of division 
and weighed 0T0G7 gram, or 99*211 per cent, of the quantity 
taken. 

In the next experiment (III), the mixture was heated in the vapour 
of mercury; the mixture suddenly softened and swelled up, and gas 
was evolved so rapidly that some of the potassic iodide solution was 
projected from the JJ - tube, and white fumes were seen. Doubtless 
some of the mixture was carried over mechanically. The loss of 
weight was 89*145 per cent., the quantity of chlorine 00283 per cent., 
and the manganic peroxide recovered 98*5 per cent. 

When the mixture of potassic chlorate and granular peroxide was 
heated by a gas flame, the evolution of oxygen was more violent, and 
some of the mixture was carried over by the gas. In one experi¬ 
ment (V),'the loss was 39*380 per cent., and the peroxide recovered 
was only 97*294 per cent. In this case more chlorine was evolved, 
being 0*047 per cent, of the chlorate taken. 

With the specimens of pyrolusite, the action was not so rapid, and 
less chlorine was evolved (YI, VII, and VIII). 

With precipitated peroxide, the action is much more violent, the 
action being completed in about five minutes. There was usually a loss 
of solid matter from the tube, and more chlorine was evolved (IX, X, 
and XI). 

It has been stated that the manganic peroxide loses its power of 
decomposing potassic chlorate, and therefore cannot be used over and 
over again (E. O. Brown, quoted by Baudrimont,* J. Ghem. Soc 1871, 
24, 1151). To test this, a quantity of granular peroxide rather finer 
than that used in the previous experiments was heated in a test-tube 
with potassic chlorate over a gas flame, the mass washed with water, 
and the insoluble residue dried. This operation was repeated nine times, 
and the washed and dried oxide was heated with potassic chlorate in 
the vapour of mercury. In this case (XII), the quantity of peroxide was 
only 6*8 per cent, of the amount of chlorate, and yet the action was 

* This paper appeared in the Journal de Pharmacie et de Chime [4], 14,84—94, 
161—177• (In the Journal of the Chemical Society it is quoted from J. pr. Chem 
which is obviously an error.) In the original, it is not stated that Brown had 
asserted that the oxide was exhausted by use, and in the same vol. of the Journ. 
Pharm p. 22, there is a report on the preparation of oxygen by Coulier, Limousin, 
J. Regnanld, Jungfleisch, and Baudrimont, in which it is stated on p. 77 that the 
oxide does not lose its activity by previous use. I did not see these papers until the 
wort was nearly completed ; I would strongly recommend them to the attention 
of all chemists working on this subject. 
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very violent, and complete in two minutes. The loss was 39T21 per 
cent, and the amount of chlorine 0*045 per cent. The peroxide was 
entirely changed in appearance, and was brown instead of black. 
This shows that the peroxide cannot be exhausted by use, and the 
change of character seems to indicate that the peroxide had entered 
into chemical action and had been reproduced. 

It will be noticed that in all these experiments an appreciable 
quantity of chlorine is evolved together with the oxygen. This 
evolution of chlorine is well known and has been frequently described. 
The questions arise, what is the source of this chlorine ? and is its 
evolution a necessary accompaniment of the action of the manganic 
peroxide on the potassic chlorate P 

The specimen of precipitated manganic peroxide which gave the 
largest quantity of chlorine was prepared from manganous chloride 
by the action of solution of bleaching powder, and when it was first 
prepared it contained a small quantity of chlorine. After having 
been heated in the vapour of mercury, however, this chlorine was 
eliminated. If all the chlorine evolved in Experiment IX had come 
from the manganic peroxide, the latter would have contained nearly 
2i per cent, of it. 

When so die chloride is heated in a test-tube with manganic per¬ 
oxide over a gas flame, a very perceptible quantity of chlorine is 
evolved. A small quantity is also liberated when the mixture is 
heated to the boiling point of mercury, so perhaps it is more a 
matter of surprise that so little chlorine is present in the oxygen 
obtained from potassic chlorate and peroxide of manganese than that 
any should be produced. 

To see if the addition of a body that would prevent the evolution 
of chlorine would affect the liberation of the oxygen, two experiments 
were made, in one of which (XIII) about half a per cent, of sodic 
carbonate was added to the mixture. At the boiling point of 
mercury, less than 6 per cent, of oxygen was evolved in half an 
hour. On heating over a gas flame, the action was not rapid and 
the fused mass appeared greenish; and on cooling, a small quantity 
of permanganate was observed. In the other experiment (XIY), 
about the same quantity of potassic carbonate was used; about 
8 per cent, of oxygen was evolved at the boiling point of mercury, 
and more than the theoretical loss was observed after heating with 
a gas flame; this was probably due to loss when the test-tube 
melted. 

' As a considerable quantity of the manganic peroxide did not 
seem to he broken up when heated with the chlorate, some experi¬ 
ments were made to see if a much smaller quantity of the peroxide 
was capable of effecting the complete decomposition of the salt. In 
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Experiment XV less than 1 per cent, of the peroxide was used, and 
although the gas was evolved very slowly (the heating being con¬ 
tinued for 5 hours and 20 minutes), yet ultimately almost the 
theoretical quantity of oxygen, was liberated. 

A still smaller quantity of peroxide also affects the chlorate, but 
much more slowly ; in Experiment XYI only 0*1 per cent, was used, 
and after 22 hours 40 minutes 6*289 per cent, of oxygen had been 
evolved. An accident prevented the experiment being carried 
farther. 

In those experiments in which the quantity of peroxide is very 
small, the white ^chlorate covers the granules and only a few black 
specks are visible. When such a mixture is heated, it is very curious 
to observe the formation and growth of grey spots starting from the 
granules, these spots increasing until the whole mass is uniformly 
grey. It seemed to be interesting to study tbe course of this change, 
and for this purpose a small quantity of potassic chlorate was placed 
in a test-tube with a single granule of the peroxide. The test-tube 
was inserted in a wider tube with some asbestos at the bottom, and 
the bulb of a thermometer was placed close to the bottom of the inner 
test-tube. A microscope with a 4-inch objective was arranged horizon¬ 
tally so that the grannie of peroxide could he watched, the light from 
a gas fiame being condensed on the object by a lens. The bottom of 
the outer tube was heated by a gas flame ; and when the temperature 
reached 350° or thereabouts there were signs of fusion around the 
granule of peroxide, and the black mass appeared to glisten as if 
wetted or attacked; as it was not possible to maintain the tempera¬ 
ture very constant, it was allowed to rise until the chlorate was all 
fused, when the peroxide was found to he broken up into minute 
fragments, each of which was a nucleus from which gas bubbles 
rose. On cooling, the fused mass had a distinct pink tinge as if per¬ 
manganate had been formed ; the colour could not have been due to 
potassic ferrate, for the tint produced by this compound is quite 
different. 

In another experiment (XVII), to which reference has previously 
been made, 1*4402 grams of chlorate were heated for 10 hours in the 
vapour of mercury before the microscope; the loss was only O'167 per 
cent. A fragment of granular peroxide weighing 0*0002 gram or 
0*014 per cent, was then introduced and the heating recommenced. 
Minute particles soon became detached from the fragment, and the 
chlorate fused and flowed down in a stream between the glass and the 
rest of the salt, carrying the particles with it. The tube was allowed 
to cool and examined, and the mass was found to present the appear¬ 
ance so often, observed; ' the grey ■ stain having spread for, some 
;\^i$tuncefrom':4he' granule* The heating was continued for 4^ .hours, 



BY HEAT IN PRESENCE OF MANGANIC PEROXIDE. 189 

and some of the chlorate fused. The loss was 0*847 per cent. On 
cooling the mass was pink. 

In Experiment XVIII, a "brilliant crystal of pyrolusite from 
Windsor, NTova Scotia, was placed in a test-tube containing powdered 
potassic chlorate. This was heated in the vapour of mercury before 
the microscope. The salt soon fused in contact with the crystal, and 
an action was seen to take place on the surface of the latter. The 
crystal afterwards broke up into fine needle-shaped fragments, and in 
55 minutes the whole of the salt was fused. After cooling, the mass 
was pink. 

The evolution of chlorine during the action of manganic peroxide 
on potassic chlorate, and also the pink colour which is seen when the 
manganese compound is used in small quantities, seem to indicate that 
the formation of a permanganate may have something to do with the 
rapid evolution of oxygen; this has often been suspected by chemists. 
Some experiments were instituted to endeavour to prove this pre¬ 
sumption. 

An experiment (XIX) was made to determine the temperature at 
which the potassic permanganate is decomposed. Some crystals of 
air-dried permanganate were powdered and heated in mercury. Gras 
began to come off: at 250°, and the evolution was rapid at 260°; at 
275° the decomposition ceased. The mass in the test-tube had not 
fused, but it v T as almost black, and when water was added a deep- 
green solution was produced. The loss on heating was 11*176 per 
cent. In two other experiments the loss was 12*14 and 12*136 per 
cent, respectively. 

It is usually stated in text-books that potassic permanganate is 
decomposed by heat into potassic manganate, manganic peroxide, and 
oxygen, thus :—K 2 Mn 2 0 8 = X 3 Mn0 4 + Mn0 2 + 0 2 . Taking the 
atomic weight of manganese at 55, this would involve a loss of 10*126 per 
cent, of oxygen. The loss of 11*176 per cent, more nearly agrees with 
the equation 10K 2 Mn 2 O 8 = 10X 2 MnO 4 + 2Mn 5 0 9 + 110 2 . The quan¬ 
tity required by this change is 11*139 per cent. The loss 12*14 agrees 
nearly with the equation 5K 3 Mn 2 0 8 = 5K 2 Mn0 4 -f Mn 5 0 8 + 60 2 , 
which requires 12*15 per cent. Too much reliance must not be placed 
on these results, as no endeavour was made to obtain pure perman¬ 
ganate ; the specimen used was a well-crystallised sample of the com¬ 
mercial salt. 

Several experiments were made to try the effect of the presence of 
different quantities of potassic permanganate on the decomposition of 
potassic chlorate in contact with manganic peroxide. In XX, XXI, 
XXII, and XXIII the percentage of permanganate to the chlorate 
was 0*151, 0*201, 0*449, and 0*491 respectively, and it will be seen 
that as the permanganate increased the quantity of chlorine evolved 
' VOL. LV. ; ' , ' ' P ' 
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diminished, none whatever being liberated in the last case. In the 
first, where the very small percentage of permanganate was used, the 
quantity of chlorine is notably less than in other cases where chlorate 
and the granular peroxide were heated together (II, III, IV, and V). 
The presence of the permanganate, however, very perceptibly dimi¬ 
nished the rate of decomposition of the chlorate* 

When the percentage of permanganate was raised to 2*3 (XXIV), 
the time was still further prolonged, so that in 1 hour 50 minutes 
little more than two-thirds of the chlorate was decomposed. The 
residue, after heating, contained manganate. 

A mixture of nearly equal quantities of potassic chlorate and 
potassic permanganate was heated in mercury (XXV), the perman¬ 
ganate underwent its usual decomposition, there being 11*468 per cent, 
of its weight of -gas evolved below 275°. On again heating in mercury, 
gas came off freely at 350°, and quickly at 356°. The mass was 
caked but not fused; on farther heating in the vapour of mercury for 
35 minutes, very little more gas was evolved. Almost the whole of 
the oxygen of the chlorate was liberated. On adding water to the 
residue, the solution was green. 

Another similar mixture (XXVI) was heated in mercury vapour. 
Gas at first came off rapidly and then diminished in quantity; it 
subsequently came off very rapidly, and some solid was canned over 
mechanically; the decomposition was completed in 10 minutes. The 
residue was not fused, and was found to contain manganate. The 
loss was 0*2425 gram, whereas the quantity of oxygen that might ho 
expected from the permanganate and chlorate is 0*2404; the excess of 
loss was probably due! to the solid that was carried over. 

These experiments would seem to indicate that potassic manganate 
will not assist the decomposition of the chlorate, and that when the 
mixture of chlorate and permanganate is heated, the former is decom¬ 
posed by the oxide of manganese liberated during the decomposition 
of the latter. \ 

When potassic chloratejfirfctged with a very small quantity of man¬ 
ganic peroxide, a pink colour is observed in the mass on cooling, as 
before stated. When this pink map is fused over a flame, oxygen is 
evolved, but the colour persists until nearly all the chlorate is decom¬ 
posed ; it then becomes greenish, arid when farther heated the fused 
residue of chloride has a brownish appearance. If.the pink colour is 
due to permanganate, as seems mos\t probable, it would appear to 
indicate that the permanganate is being continually reproduced as 
rapidly as it is decomposed by the hekt, for the above Experiments 
XXI to XXVI prove that permanganate is decomposed in the 
presence of potassic chlorate. When the peroxide is used in large 
quantities, the pink colour, is masked by the black oxide, although 
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it can hardly "be doubted that it is really formed. This observation 
seems to supply the key to the question. 

At first sight, it appears impossible that a compound can be formed 
at a temperature at which it is decomposed, but we have a somewhat 
analogous case with ammonia, which is decomposed by electric sparks, 
and yet when sparks are passed through a mixture of hydrogen and 
nitrogen, small quantities of ammonia are formed. 

It has been stated by H. 1ST. Warren (GJiem. News , 58,247) that when 
potassic chlorate and manganic peroxide are heated in an iron tube 
and the residue extracted with water, the solution is alkaline. I have 
often tested the solutions obtained from the residues after heating in 
test-tubes, but have never been able to recognise the faintest trace of 
alkalinity; the same result was found with the residue after heating 
in a platinum crucible; but if tbe residue had been strongly ignited, 
the solution was alkaline. 

It has been shown hy Eceles (/. Ghem . Sac ., 29, 857) that potassic 
perchlorate is not formed when potassic chlorate and manganic per¬ 
oxide are heated together; and I have found that when perchlorate is 
heated with the peroxide to the temperature of boiling mercury it does 
not lose oxygen. To the residue some potassic chlorate was added and 
the mixture again heated, when nearly the theoretical quantity of the 
oxygen from the chlorate alone was evolved. This observation entirely 
confirms that of Eccles. 

If the manganic peroxide undergoes a chemical change, first enter¬ 
ing into .combination and then being reproduced, it seemed to be of 
interest to try the effect of one of the other oxides of manganese, for 
if this acted similarly it might be expected that after the action it 
would be found to have been changed into the peroxide. 

Some precipitated manganic peroxide was heated in a platinum 
crucible to dull redness and weighed. It was then ignited for 45 
minutes, by which it is said to be converted into Mn 3 G 4 . Some of it 
was mixed with potassic chlorate and heated in the vapour of mercury 
(XXYI1). The mass fused and the chlorate was entirely decomposed 
although very slowly; very little chlorine was evolved. The in¬ 
soluble residue was a little heavier than the oxide taken, amounting to 
100*929 per cent. 

Another quantity of the ignited oxide was heated in a muffle for two 
hours, when it lost 1*804 per cent. Some of this oxide was mixed 
with the chlorate and heated for three hours in the vapour of mercury 
(XXVIII). Xo chlorine was evolved, hut the chlorate evolved nearly 
the whole of its oxygen. The oxide recovered was 98*071 per cent, of 
that used. If the oxide had been entirely transformed into Mn0 2 
about 114 per cent, should have been collected. In a note to the 
Report of Messrs. Coulter, &c., above quoted, it is said, on p. 27, that 
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M 113 O 4 is no less active than Mu CL. Baudrimont ( loo . cit p. 163) 
states that Mn 3 0 4 acts more' feebly than Mn 0 2 . 

It may he the fact that only a very small portion of the manganic 
peroxide is converted into another compound, the remaining portions 
merely acting as nuclei for the liberation of gas. It is noticeable that 
in the test-tubes in which the mixture of potassic chlorate and the 
peroxide is heated, a deposit of very fine powder is always observed on 
the glass which has been in contact with the mixture. This adheres 
firmly and is not removed by merely washing with water. Probably 
this represents some of the peroxide which has been reproduced. 

Two experiments were made with a mixture of chlorate and plati¬ 
num-black (XXIX and XXX), to see if a substance which might be 
expected to be chemically inert would assist in the decomposition of 
the chlorate, the particles acting merely as nuclei; in the first, 
19'845 per cent, of gas was evolved in one hour, and in the other the 
mixture was heated for 9| hours with two interruptions; when weigh¬ 
ings were made, 28T11 per cent, of oxygen was evolved, so that the 
chlorate was far from being entirely decomposed. The most remark- 
able result was the evolution of about 0*02 per cent, of chlorine, so 
possibly a platinate or platinite was formed and immediately decom¬ 
posed ; tbe chlorine, however, may be due to insufficient washing of 
the platinum-black, which was made by reducing platinic chloride by 
sodic formate. 

Prom the foregoing experiments, the mechanism of the action of 
manganic peroxide on the potassic chlorate, under the influence of 
heat, seems to be something of the following kind:—Firstly, the 
peroxide acts on the chlorate forming permanganate, chlorine, 
and oxygen, 2 MnO fl 4 2£C10 3 = K 2 Mn 2 0 8 4 Cl 2 4 0 2 . Chlorine 
is certainly evolved as soon as the action commences. The per¬ 
manganate then undergoes decomposition by the heat, producing 
manganate, an oxide of manganese and oxygen; for simplicity we 
may use the ordinary equation K 2 Mn 2 0 8 = K 2 Mn0 4 4 MnCL 4 0 2 . 
The third stage is not quite so clear; it is very improbable that the 
manganate is transformed into permanganate by the oxygen from the 
chlorate, for in Experiments XXIY and XXYI, in which permanga¬ 
nate and chlorate were heated together, manganate remained in the 
residue. It is more likely that the manganate is acted on by more 
chlorine produced by the action of the peroxide on fresh chlorate, 
thus, K 2 hfn0 4 4- Cl* = 2KC1 4 Mn0 2 4 0 2 . I have found that when 
chlorine is passed into the residue obtained by heating potassic per¬ 
manganate, the residue being heated in the vapour of mercury, 
chlorine is absorbed and oxygen evolved. In this case, however, the 
action proceeds further, for not only is the potassium transformed into 
chloride but much of the manganese is also converted into chloride. 
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violent at 340°, ancl com¬ 
plete in 15 see. Mercury 
boiled at 353°. No more 
gas in 10 inin. 






granular, 
which lad 
been used 

XTT 0 -8535 V'OSfG 6'842 — — 0-3339 39-121 0-045 94-007 mercury 0 20 Gas came off very quickly, 

vapour finished in 2 min. White 

Knf ]^ fumes in U-tube.' Mn0 3 
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gas bubbles were formed, 
and the mass seemed semi- 
fused. In 40 min. the 
mixture was fused. 
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0 *2055 37 *459 0 — | — — At 345° gas came off freely, 

at 350° quickly. Mass 
caked, but not fused. 
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If this took place in tlie preparation of oxygen, tlie solution obtained 
by extracting the residue with water would contain manganese, which 
is not the case. Moreover, manganous chloride cannot exist at a high 
temperature in the presence of potassic chlorate, for it is immediately 
transformed into an oxide with evolution of chlorine. If the chlorine, 
which might be produced by the action of the peroxide directly on 
the chlorate, is thus absorbed by the manganate, it fully explains the 
very small quantity of chlorine that is evolved, for in the case in 
which the largest proportion was found (IX), when precipitated 
peroxide was used, it corresponds to only 6 per cent, of the peroxide 
present, and as the action in this case was of a very violent character 
it is not improbable that much of the chlorine was due to the sub¬ 
sequent action of the peroxide on the potassic chloride. In the 
experiment in which granular oxide was used and the mixture heated 
over a gas flame (V), the quantity of chlorine corresponds to little 
more than 1 per cent, of the peroxide. 

The table (p. 191, et seq .) contains the details of the experiments 
referred to in the paper ; they are not, however, given in the order in 
which they were actually made. 


XXVI.™ Contributions to the Chemistry of Lignification. Constitution 
of the Jute Fibre-substance. 

By C. F. Cross and E. J. Bevan. 

Since the publication of earlier papers on this subject (Trans,, 1882, 
90; 1883, 18) we have continued to prosecute our researches in 
various directions, certain of which have led to results from which 
more positive conclusions may be drawn as to the molecular constitu¬ 
tion of this group of compound celluloses. Of these we proceed to 
give a short account. The investigations have been, for the most 
part, confined to the jute-fibre, than which we have found no better 
representative of the group of lignified celluloses. With regard to the 
term lignocellulose, we should, perhaps, explain at this point, that it 
recommends itself as being a sufficient description, without contain¬ 
ing any suggestion as to the nature of the process by which they are 
formed, and which we do not think, speaking from the chemical point 
of view, is by any means completely elucidated. 

Although from its nature the jute-fibre is an aggregate, it exhibits, 
notwithstanding, the constancy in composition and properties which 
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denote a chemical individual. The simplest expression of its elemen¬ 
tary composition is the empirical formula CisHisOo (C = 47*0, H = 6'Cb 
0 = 47*0) ; whilst its proximate resolution into cellulose (78—80 per 
cent.) and non-cellulose ( 20—22 per cent.), may he represented by the 
formula 3C 6 H 10 O 5 ,C c H 6 O 3 . For the moment, we advance this as a 
statistical rather than a molecular expression, leaving it to the experi¬ 
mental evidence to be adduced to show in what degree it is established 
in the latter and more definite aspect. We shall show, in the first 
instance, that the more oxidisable constituents of the jute-fibre, to 
which is applied the neutral term non-cellulose, are compounds, or 
a compound characterised by an atomic ratio,* approximating to 
Oe: H 6 : 0 3 , and associated with the cellulose in chemical rather than 
mechanical union. 

The intimate nature of this union is shown first in its -resistance to 
the action of all simple hydrolytic agents. The alkalis in aqueous 
solution, the dilute mineral acids, such as have neither oxidising 
nor reducing properties, attack the fibre in proportion to temperature 
and duration of action. The result is a solution of the fibre sub¬ 
stance, in quantity from 1 to 30 per cent, of its weight, according to 
the conditions, but without producing any essential chemical change 
in the insoluble residue (Trans., 1882, 100). In illustration of this 
point, we cite here the results of the “ mercerising ” treatment ( Watts’s 
Dictionary , ISTew Edition, “ Cellulose ”), as applied to the jute-fibre. 


Solution. 

Temp. 

Loss of 
weight. 

Time. 

Percentage cellulosef in 
product. 

1 per cent. NaOH ,. 

boiling 

7 per cent. 

10 mins. 

79-1 77-8 78-7 

33 



18° 

7*9 

1 hour 

78-5 78-7 — 

33 



18 

9*6 

48 hours 

79-1 — — 

33 



18 

14 *3 

7 da.vs 

78-9 — — 

33 

?) 


18 

14-8 

i4 

78-7 — - 

33 



80 

13 *2 

1 hour 

78-5 79-8 — 

50 

jj 

KGH .. 

18 

14*2 

7 days 

79-9- _ _ 


The structural changes attending the action are profound, as they 
are in the case of cotton. The individual fibrils increase in thickness 
at the expense of length to the almost entire obliteration of the 
central canal; at the same time the union of the fibrils into bundles 
is more or less completely resolved, and the splitting up of the 
bundles is accompanied by the development of a wavy outline. So 

* The empirical formula actually deduced from the experimental results given 
in this paper is 0 7 6H 8() 037 (see pp. 207 and 213). 

f The cellulose in these determinations serves as a constant to which to refer 
possible variations of the non-cellulose. 
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that, with the increased softness, the increased fibre has an external 
resemblance to wool. This increased softness is to be noted as a 
distinction from the pectic fibres or pecto-celluloses, which are hardened 
by such treatment. Reverting to the chemical features of these 
hydrolytic changes, the product does not differ in any essential point 
from the original fibre; the aggregate composition (C ? H,Q), the pro¬ 
portion of cellulose to non-cellulose, and the characteristic properties 
of the latter persist unchanged. 

The structural changes determined by the dilute acids, on the 
other hand, are opposite in character. The fibre substance surviving 
undissolved is converted into a hard friable modification, fractnre 
talking place across tbe fibre bundles which are not resolved by the 
treatment. But the chemical feature of resistance of the combined 
molecule to -hydrolytic resolution is equally characteristic in relation 
to this group of reagents. 

The dissolution of the fibre substance in tbe ammonio-copper 
reagent, when carried out fractionally, also fails to resolve the com¬ 
pound molecule in question. In short, the fibre-substance is to be 
regarded as an aggregate, only in the sense that some portions (or 
molecules) are more susceptible of hydration than others, and 
although these may be attacked and dissolved wholly or in part by 
hydrolytic agents, they are not decomposed, hut preserve intact their 
essential characteristics, which are those of the original fibre-sub¬ 
stance. 

The force of this conclusion is not diminished by the consideration 
of the resolutions effected by hydrolytic agents other than those 
above mentioned, or by these agents under extreme conditions of 
temperature. Thus, dilute nitric acid at 60°, sulphurous acid 
(7 per cent, solution) at 90—100°, and the aqueous alkalis at high 
temperatures, resolve it into cellulose and non-cellulose (soluble), at 
the same time attacking the cellulose more or less. But in these cases 
other conditions, whether of oxidation, reduction, or dehydration 
(condensation), are superadded, and our conclusion as to resistance 
of the lignocellulose molecule to simple hydrolysis, is unaffected by 
the results. 

Secondly . In those reactions of the fibre substance which depend 
on its alcoholic characteristics (OH-groups), its molecular homo¬ 
geneity is equally manifest. W e give the statistics of the conversion 
of the lignocellulose into nitrates under varying conditions. 

(a.) Mtrating acid: mixture of equal volumes of nitric acid 
(sp. gr. 1*43) and sulphuric acid (sp. gr. 1*8). Temp. 18°. 
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Duration of 

Yield per 

exposure. 

100 pts. fibre. 

1 min. 

125*2 

2 mins. 

129*2 

3 „ 

140*0 

4 „ 

149*0 

15 „ 

146*0 secondary actions with con- 

16 hours 

131*0 version into soluble pro- 


ducts. 

(&.) Nitrating acids : I. As in (a). II. Nitric acid of 1’5 sp. gr., 
1 vol. ; sulphuric acid, sp. gr. 1*8, 1 yoL III. Nitric acid of 1*5 sp. 
gr., 1 vol.; faming sulphuric acid, 0*75 yoL 

In addition to the raw fibre (A), the modification resulting from 
the action of hot dilute hydrochloric acid (B) was included. 

Duration of exposure in all cases 30 minutes at 18°. 

Results: yield of nitrate per 100 parts dry fibre :— 


I. II. III. 

A. 144*4 153*3 154*4 

B. 143*8 152*8 152*7 


A reaction according to the equation Ci 3 H 18 0 9 + 3HN0 3 = ShLO + 
Ci 2 H 15 0 g (N 0 3 ) 3 , is equivalent to a gain in weight of 44 per cent.: the 
conversion into the tetranitrate, 58 per cent. The formation of the 
latter appears, therefore, to be the limit of nitration of the jute-fibre; 
in other words, if we represent the lignocellulose molecule by a C 12 
formula, it will contain four alcoholic OH-groups, or two less than 
cellulose similarly represented. 

To confirm the composition of these products and the equations 
aboYe given, the specimen IIIA was analysed by Eder’s method 
(Ber., 13, 169), with the following result:— 

0*453 gram gave 82*0 c.c. NO at 19° and 770 mm.; whence— 


N... 


10*5 per cent* 


Oalc / lsOg(H 03) 3 9*5 p. c. 

10 1 s HxA(N0 3 )4 11’5 


These nitrates resemble those of cellulose in all essential points. 
There is no evidence of any resolution of the molecule attending its 
combination with the acid radicle; the product is a nitrate of the 
lignocellulose, which again manifests itself as a chemical individual. 

But, as we have previously pointed out (he. cS.), the most charac¬ 
teristic reaction of the fibre substance is that with chlorine (in pre¬ 
sence of moisture). The product of chlorination is not homogeneous, 
however, as are the nitrates: alcohol removes a chlorinafatf 
of 4he non-cellulose, leaving, at the same time, after exhaustive teat- 
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xnent, a certain proportion—about one-fourth—combined with the 
cellulose In such a way as to resist the action of solvents. 

A statistical study of this reaction has enabled us to make some 
progress towards elucidating the problem of the constitution of the 
fibre substance. 

First, with regard to the quantity of chlorine combining, 1*613 gram 
was chlorinated and dried in a vacuum over potassic hydrate (it was 
necessary to remove the hydrochloric acid in this way, as the 
chlorinated compound Is appreciably soluble in water), and lastly, in 
the air-bath at 105°. We obtained 1*765 gram of dry chlorinated fibre; 
or 0*152 in excess of the original weight. The chlorine, estimated in 
the usual way, "was found equal to 0*1511 gram; or 9*4 per cent., 
calculated on the original weight of fibre. This result was confirmed 
by other similar experiments. The numbers obtained we judged to be 
somewhat high, owing to the evidence of the presence of residual 
hydrochloric acid, in the chlorinated fibre blackening somewhat on 
heating. We therefore decided to measure the volume of chlorine 
disappearing in the reaction, and constructed an apparatus for the 
purpose already described in a note communicated to the Ghem . News , 
58, 215. 

The essential portion of this apparatus is the reaction flask or 
bottle A. This is closed by a cork, through which pass two tubes. 
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The first, B, is "blown out below to a thin bulb; it carries an outer 
tube of india-rubber above, through which is inserted a rod, 0, of 
somewhat less diameter, and reaching nearly to the bottom of the 
bulb. The prepared fibre is introduced into the bulb, and at the 
required moment the bulb is shattered by a blow on C, and at once 
freely exposed to the chlorine atmosphere in A. A second tube, D, 
of narrow internal diameter, serves to connect the bottle with any 
convenient gas-measuring apparatus. The tube E contains a small 
quantity of the prepared fibre, and serves to indicate any diffusion of 
the chlorine outwards; which, however, we have never found to 
occur. It is as well to keep the gas atmosphere in A under a some¬ 
what diminished pressure during the experiment; the absorption of 
the gas being followed (when an ordinary |J -tube with mercury 
reservoir is used) by continual additions of mercury from the 
reservoir. 

We need not enter in detail into the other precautions necessary to 
be observed, beyond remarking that the containing vessel was filled 
over warm water, and, on reinverting, a small quantity of water 
(5—10 e.c.) was allowed to remain in the bottom of the vessel, in order 
to provide for the complete absorption of the hydrochloric acid formed 
in the reaction. 

We give the results of two, from amongst many concordant deter¬ 
minations. 


(1.) 1/062, fibre; temp. 18°; bar., 75S-—18. 

Duration in minutes.... 10 15 80 40 45 

Cl combining, c.c. 52*5 53*5 59*0 60*0 60*0 

Volume of Cl corrected to 0° and 760 mm.; 55 c.c. = 0*1764 gram. 

At the conclusion of the experiment water was added to the con¬ 
taining vessel, the excess of chlorine expelled, and the hydrogen 
chloride formed was determined by titration, and found equivalent to 
2*5 c.c, normal alkali; we have, therefore— 

01 in combination with fibre substance *. 0*0876 

Cl as HC1 formed in the reaction........ 0*0888 


0*1764 

The quantity of chlorine as hydrogen chloride in excess of the 
equivalent in combination is 0*0012. 

The chlorinated fibre resulting from this experiment was boiled in 
solution of sodium sulphite, and the cellulose thus isolated, after 
washing and drying, was found equal to 0*846 gram, or 79*7 per cent, 
of'the original. ''A , > 
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(2.) 1*887 fibre; temp., 18*5; bar., 752 — 18*6. 

Duration in minutes. 5 10 15 20 25 30 45 60 90 120 185 145 155 
Cl combining, c.c... . 47 53 57 59 62 63 69 72 75 78 80 82 82 

VoL of Cl corrected to 0° and 760 mm., 74*5 c.c. = 0*2390 gram. 


Cl as HC1 by titration. 0*1221 gram. 

Whence Cl in combination. 0*1169 


0*2390 „ 

The chlorine as hydrogen chloride in excess of the equivalent in 
combination is 0*0052 gram. Cellulose isolated 1*094 = 80*5 per cent. 
The percentage of chlorine combined with the fibre substance, and 
calculated on its original weight, is in (1) 8*2 per cent, in (2) 8*4 per 
cent. 

These results lead to the conclusion that the reaction is one of simple 
substitution of hydrogen by chlorine * We may extend this statistical 
inquiry by including what we had previously determined in regard 
to the composition of the chlorinated derivative. Our analytical 
results were as under:— 



Calculated for 


Oi9H 18 C] 4 0(). 

42*8 

42*85 

3*4 

3*38 

26*8 

26*69 


The fibre, on chlorination, we now find increases from 100 to 108*1, 

and from the above contains that is, 30*2 of the chlori- 

26*8 ’ 

nated derivative of the non-cellulose. Subtracting this from the 
108*1 we get 78, which agrees sufficiently well with the percentage 
of cellulose obtained. From this, we infer also that the chlorinated 
fibre contains no other compound, in addition to cellulose, hut the 
chlorinated derivative of the above composition. 

This is confirmed by the following experiments, in which the 
chlorinated derivative was investigated in fractions; 4*218 fibre 
chlorinated, washed, and exhausted with hot alcohol, the solvent 
always employed by us in isolating the chlorinated derivative 
for analysis. After exhaustion, the fibre weighed 3*635 = 86*2 
per cent, of the original, still giving the brilliant colour re* 
reaction with sodium sulphite characteristic of the compound in 
question. Of this residual fibre, 1*232 grams was analysed for 
chlorine and found to contain 0*0225. This is equivalent to 

# We leave out of consideration, while admitting the possibility of combinations 
of chlorine without substitution as with CH—CH-groups. 

YOL. LIT. ' Q 
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0'0225 x -h2_= O'OSi* of the chlorinated compound, of which, there- 
26*8 

fore, continuing tlie assumption, tlie fibre contains 6*8 per cent 
Subtracting tills from 86’2, tlie percentage of fibre remaining after the 
original exhaustion, leaves 79*4 for cellulose. This agreement with 
the percentage estimated confirms the assumption, and supports the 
conclusion previously drawn as to the composition of the chlorinated 
fibre. 

We must now consider, by way of parenthesis, one or two points 
of subsidiary and general bearing on the main argument, and the 
observations upon which it is founded. First, with regard to the 
errors in the method of determining the amount of chlorine combin¬ 
ing, by observing the decrease in volume. We need not enter into a 
minute discussion of all the probable errors, for the reason that the 
decrease in volume in c.c. is a large multiple ( > 7) of the percentage 
on the fibre to be calculated therefrom, and therefore the only error 
of moment is that resulting from the absorption of chlorine by the 
moist fibre. 

The quantity of water introduced by the fibre in experiments (1) 
and (2) was less than 1 gram in either case; the corresponding ab¬ 
sorption (solution) of chlorine w 7 ould be from 1 to 2 c.c. This absorp¬ 
tion would affect the percentage of Cl. calculated in the fibre by an 
amount equal to 0*2—0*3. This error requires further to be dis¬ 
tributed between the chlorine as hydrogen chloride, and that in com¬ 
bination with the fibre substance. The former being taken as the 
difference between the observed absorption, and the chlorine as 
hydrogen chloride determined independently by titration, it will be 
seen that the error falls entirely on the former quantity. 

The determinations of hydrochloric acid are subject to an error 
arising from the solubility of the chlorinated derivative in water and 
to its possessing an acid reaction. Washing the chlorinated fibre 
with saturated salt solution, in which the derivative is only slightly 
soluble, enabled us to minimise this error, which by direct observa¬ 
tion of the u acidity” of the derivative—using litmus as the indicator 
as in the above titrations—we found could not exceed 0*1 c.c. of 
normal alkali in the second of the experiments detailed above. One 
other point remains to be noticed, viz,, the work done by the chlorine 
used up in excess of the equivalent of that combining with the fibre 
substance. We carefully determined the quantities of carbonic acid 
formed in chlorinating the fibre, and in three experiments in which 
4*5 grams of fibre was employed the quantities determined were 
0*0156, 0*0210 and 0*0213, that is, from 0*003 to 0*005 per gram of fibre. 
The excess of chlorine in question would thus appear to be accounted 
for in the occurrence of a certain slight destructive oxidation. 
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Applying the correction for tlie excess of the estimated chlorine 
reacting it reduces the percentage upon the fibre substance from. 
8'3 to 8*0. This we take to be the quantity actually combining. 
Taking the formula of the chlorinated derivative as determined Ivy- 
analysis at CxoEbsCLA, or at what is perhaps more probable, 
CnjHnCliOg, and the aggregate formula for the non-cellulose from 
which it is formed as w(CoHp,0 3 ), we find that the main reaction of 
chlorination can be approximately expressed by means of simple 
multiples of these molecules *, as under— 

19 [3 O 6 H 10 Os, C 6 H 6 0 3 ] + 24C1* = 6C 19 H 17 C1 4 0 9 + 57C«H 10 O, + 3H 3 0 

Lignocellnlose. Chlorinated Cellulose. 

derivative. -j~ 24HO. 

The ratio X9C 24 H 3G 0 18 : 2403, =* 100 : 2 x 7-4. 

The equation leaves us with a plus of 18 atoms H on the right hand 
side. 

We must, however, at this point anticipate the conclusions sub¬ 
sequently established with regard to the non-cellulose. That it is a 
substance of considerable molecular complexity is of course to be 
presumed. The lowest atomic ratio dedacible from a study of its 
constituent molecular groups is C 7{; H 8n 0 37 , and although for statistical 
purposes this ratio may be taken at C 6 H G 0 3 , it is necessary to sub¬ 
stitute the former expression in endeavouring to convert statistical 
into molecular quantities. The 19 x C 6 H 6 0 3 = Ci 14 H 114 05 7 must be 
corrected to 1’5 X C 7 6H fe0 O 37 ). Leaving the cellulose out 

of consideration—as a constant—the chlorination of the non-cellulose 
may be represented by the equation— 

OmHMoO* + 24CL* = 6C 19 H 17 C1 4 0 9 + H s O + 24H01, 

which equation leaves us with a plus of only 811 on the right hand 
side, a quantity inappreciable by experimental method, which there¬ 
fore would only require the employment of high multiples for its 
elimination. 

With regard to the molecular proportion of chlorine taken up in 
the subsidiary reactions, it is easy to, see that it equals 2CL, that is, 
in terms of the quantities represented by the above equations. 

In regard to the cellulose isolated from the chlorinated fibre, we 
find it somewhat different in composition from the normal CgH I 0 G 6 . 
Our previous analyses (Trans., 1882,104) showed that it approximated 
in composition to 3C 6 Hi 0 O5,H 2 O, and we ought, perhaps, to speak of it 
rather as a cellulose-hydrate, of which the cellulose of the ligno- 
cellulose is the “residue/ For the present, however, we are con¬ 
cerned in establishing the broad outlines of the chemistry of the fibre 
substance, and we are content to leave our results in the simplest 
terms necessary to convey clearly our main conclusions. 

Q 2 : : 
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We have now to resolve the non-cellulose molecule, which, up to 
the present, has been dealt with as a homogeneous aggregate. 

Following the lines of our previous communications {loo. cit .), we 
assume, as our starting point, the probable connection of the chlori¬ 
nated compound with the derivative obtained by the action of this 
halogen on pyrogallol. The original suggestion of this line of 
research, we would remind the Society, is due to Dr. Armstrong. 

We had previously shown (loc. cit.) that there was evidence of the 
presence of mairogallol in the chlorinated fibre, its reactions with 
sodium sulphite and with ferric chloride being indistinguishable from 
those of the phenol-derivative. Similarly, also, the isolated chloro- 
derivative yields chloroquinones by sublimation. Mairogallol yields 
trichloropyrogallol on reduction with zinc and sulphuric acid 
(Webster, Proc., 1887, p. 131; Hantzsch and Schniter, Per., 20, 
2033). The chlorinated fibre similarly treated yields to ether a sub¬ 
stance giving the deep blue reaction with barium hydrate, charac¬ 
teristic of this derivative. It has, however, been found impossible to 
isolate either trichloropyrogallol or mairogallol from the chlorinated 
fibre. 

Taking the qualitative and a priori evidence before us as a basis 
for the hypothesis of the formation of the former in the chlorination 
of jute, we will again have recourse to the statistical method of 
proof. 

As mairogallol contains 50’5 per cent, of chlorine, and the deriva¬ 
tive under discussion 26*7 per cent., we conclude, on our assumption, 
that the latter contains 52 per cent, of the former, associated with a 
chlorine-free compound or compounds, amounting, therefore, to 48 per 
cent, of its weight. Or, taking the formulas for these compounds in 
such multiples respectively that the numbers for chlorine shall bo 
equal, and subtracting, we arrive at the result as follows;— 

(a.) llC lft H n Cl*Or = = 5841 

(5.) 40 1S H,01 U 0 M = C w H*C1«0 4 o== 3094 

(c.) By difference.. C 137 Hi 59 0 39 274 7 

The proportion of the difference—that is, the chlorine-free hypo¬ 
thetical molecule (c)—to the original J1 mols. of chlorinated deriva¬ 
tive (a) is 48 : 100. We have now to confirm this deduction, by the 
experimental diagnosis of the hypothetical molecule in question. 

In our earlier work (loc. cit.) we had observed that the chlorinated' 
derivative had a powerfully reducing action on cupric oxide in 
alkaline solution, and concluded that it was a compound of a chlori¬ 
nated body with a noil-chlorinated derivative, pf ' aidehydie'^nature>’,■ 
That it was a compound and not a mixture we showed by the invari- 
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able results of tlie analyses of the compound prepared from various 
sources and variously fractionated. The aldehydic constituent we sub¬ 
sequently found to be furfural (Trans., 1883, 20). To liberate this 
aldehyde, alkaline hydrolysis of the chlorinated derivative is necessary ; 
on then acidifying and distilling it is obtained in quantity. Thus, 
from 2 grams of jute chlorinated and treated in this way, we obtained 
250 c.c. of distillate, giving a deep rose-red reaction with aniline 
acetate. Jute-cellulose, treated similarly, gives no furfural. This 
aldehyde is, moreover, a characteristic product of hydrolysis (acid) of 
all the lignocelluloses. We made an estimate of the yield of furfural 
from the jute fibre-substance, when decomposed by boiling with 
strong acids, using the approximate method proposed by V. Meyer 
( Ber ., 11, 1870), and based upon the colour reaction with aniline 
acetate. The quantities estimated in two experiments were 10*0 and 
IT2 per cent, respectively (Jour. Soo. Ghem . Ind., 4, 11; Watts's 
Dictionary , New Edition, “ Cellulose ”). On the other hand, the 
isolated celluloses from such substances as jute, pinewood, and other 
fully-elaborated iignified fibres or tissues, yield no furfural, or at the 
most traces of it, under severe treatment. We have now to compare 
the composition of furfural with that of the hypothetical chlorine- 
free coustituent of the chlorinated derivative expressed by the 


statistical formula, 

viz., CwHiayOag, as follows : 

—■ 


F urfural. 

Hypoth. body. 


c 5 h 4 o,. 

^137 hisg0 5 <). 

c.... 


59*8 

H... 

. 4*1 

5*8 


It would appear, therefore, that the furfural is associated in the 
hypothetical molecule with a body, containing a relatively high pro¬ 
portion of hydrogen. This body we have had no difficulty in showing 
to be an acetic residue. 

The presence of methyl-groups is proved by the evolution of 
methyl chloride from the chlorinated derivative "when heated. We 
also obtained this gas in large quantity from the similar derivative 
which we prepared from esparto and described in our first paper 
(Trans., 1882, 24). 

The fibre, when boiled with chromic acid, yields acetic acid in small 
quantity, but the most effectual way of isolating the acid is by dis¬ 
solving the fibre in concentrated sulphuric acid in the cold, diluting 
and distilling; from 4*5 grams thus dissolved, after the solution was 
diluted to 250 c.c. and distilled, # we obtained a distillate of 160 c.c., 

# We treated in this way the same weights of both cotton and jute cellulose. In 
neither ease did we obtain any volatile acid. The source of the acetic acid in the 
above experiment is therefore in the non-cellulose constituents of the fibre. 
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containing 0*180 gram o£ acetic acid, together with furfural* /pibe 
distillate was redistilled from chromic acid, the second distillate b| 0 'j e( | 
with silver oxide, filtered, and evaporated to dryness- Silver ac | e fate 
crystallised out, and the crystalline residue yielded, on ignition, 
1)4*7 per cent. A g (calc- C2H 3 0 2 Ag 64*6). Acetic acid was f p} lllH 
proved to be the only volatile acid formed. > 

Reverting to the statistical comparison of the hypothetical ino ] e _ 
male with furfural with our determinations of the proportion of* ^is 
aldehyde to the fibre substance, and assuming that the acetyl ^hdicle 
is present in the form of acetaldehyde, we infer, from the c^ r p 011 
percentages, that these aldehydes are associated in the propoidio^ 
weight of six of the former to five of the latter. 

We may sum up our inferences as to the composition of the hk| or p 
nated derivative of the non-cellulose as follows :— 

100 parts of fibre combine with 8 of chlorine; 108 of chlorina^ 
fibre thus produced are made, up of 78 of cellulose and 30 of chlorinat^ 
fibre. The 30 of chlorinated non-cellulose is made up approximate 
of 16 parts of mairogallol and 14 of the hypothetical molecule. 0 p 
the hypothetical molecule are made up of 7*6 parts of furfural and ^ 
of acetaldehyde. 

Having no further experimental evidence to adduce on the " ma * u 
subject of our inquiry, we would close our communication at 
point, but we may, perhaps, be allowed to discuss certain p. s 
general bearings. 

With regard to the statistical method pursued, it is nnneeessa^ f :o 
point out its imperfections. It must be judged by the exigencies op 
case and by its results. We have made many ineffectual tn 

resolve the chlorinated derivative. We have closely studied my ro _ 
gallol and the group of halogen-derivatives of the trihydric phei H q K 
of w r hich it is a member, with the view of finding a means of isola^g 
if, or a product of its decomposition from the derivative. Our fail in. 
it will be admitted, is in harmony with the conclusions drawn from 
the statistical investigation as to the nature of this complex moleeul ^ 
that is the association of mairogallol—itself a very unstable moleeul^ 
—in combination with such active molecules as furfural and acetiA 
residues. "* 

Hantzsch and Schniter regard mairogallol (loc.cit.) as a condensed 
derivative of a typical quinone-chloride molecule— 
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It is formed from pyrogallol by a destructive chlorination, which. 
Stenhouse and Groves formulated as under:— 

40 c H 6 0 3 + 24C1 3 + 10H 2 O = O 18 H 7 ClnO i0 + 6C0 2 + 37HC1. 

We made an approximate determination, by the absorption method 
described above, of the chlorine required to chlorinate pyrogallol in 
presence of cellulose. We dissolved 0*100 of the phenol in a little 
water, and added the solution to a pure cellulose fibre, which was then 
exposed to chlorine, as described. The absorption measured was 
87 e.c. (at 18° and 756 mm.), from which, neglecting the C0 2 formed, 
which we assume to he absorbed by the water present, we conclude 
that 0*25 of Cl was taken up; the quantity required by the equation 
being 0*33. We cite this in contrast to the chlorination of jute, 
which we have shown to be non-destructive, and in support of the 
conclusion that mairogallol being formed by the simple combination 
with chlorine, the non-cellulose of jute contains carbon-rings of 
similar arrangement to the typical molecule of mairogallol formulated 
above. 

This inference, in conjunction with the ascertained furfural and 
acetyl groupings of the constituent atoms of the non cellulose, lands 
us in a region of possibilities, further entry into which ■would be on 
the basis of pure speculation. For the present it is sufficient to bear 
in mind that the conclusions we have arrived at generalise, and in no 
particular contravene what is known of this typical lignocellulose, 
the jute-fibre. 

Having regard to the results obtained, we shall extend this 
statistical method of investigation to other members of the group of 
lignocelluloses. Of these there appear to be two main groups, 

(1) , that of which jute is the type, and which, so far as we have been 
able to observe, is coextensive with lignification as defined by the 
physiologists, and as manifested in the earlier stages of growth; 

(2) , the substances composing the fibre elements of perennial stems, 
that is, the woods proper. Of these, fir-wood (Pinns abies) may be 
taken as the type. Of the former, we have had occasion to investigate 
a considerable number, and have found the same chemical charac¬ 
teristics, not only in isolated bast-fibres of the same class physiologi¬ 
cally as jute, for example, the bast of the various species of Hibiscus, 
of Sicla rhomb if olio,, but also in fibres and fibre-vascular bundles of 
monocotyledons, for example, Musa and Aloe species, and even in the 
stony secretions of the pear, which, although of such widely different 
functions, is closely similar in properties to the jute-fibre substance. 

Of results obtained with these various plant products we mention 
the following-Chlorinated deidvatives isolated from Musa (Para- 
disiaca ) and Esparto, closely resembling the compound from jute 
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(Trans., loe. cit). A quantitative investigation of the chlorination of 
Bidet by the method described in this paper, giving 7'2 per cent, on 
the fibre of chlorine combining, with 7‘9 per cent, chlorine as hydro¬ 
gen chloride. The decomposition of the stony concretions of the pear 
by chlorination into cellulose and chlorinated non-cellulose, identical 
with that of jute, and by acid hydrolysis into furfural* on the one 
hand (not glucose, as stated by Erdmauu), and insoluble condensa¬ 
tion-products on the other. 

With regard to the actual processes of lignification, of which the 
chemical identity is established for so -wide a range of plant elements, 
we would offer a few observations, based upon our investigations of 
jute. 

We have recently had the opportunity of investigating the develop¬ 
ment of the fibre in the living plant. We find that from the earliest 
appearance of the fibre] bundles, for example, in sections cut a few 
centimetres below the growing point, they have all the chemical cha¬ 
racteristics of the mature fibre. In the isolated fibre, we find no 
sensible variation in the proportion of cellulose to non-cellulose, nor 
in their mode of combination, throughout the entire length of 2 to 
3 metres. This evidence appears to carry with it the suggestion that 
both cellulose and non-cellulose may have a common and simultane¬ 
ous origin in a parent substance, and that lignification is the result of 
progressive modifications and differentiations of this original complex 
molecule. 

On this view the chemistry of the second group of lignocelluloses, 
the woods, would be a continuation of this process of modification. 
We have reason to hold that, in the earlier stages of growth, they are 
similar in composition to the members of the first group. In their 
mature condition, on the other hand, we find them characterised by a 
higher carbon percentage, 49—51, as compared with 46—48, and a 
higher proportion of non-cellulose, 50—60, as against 20—30. 

The physiologists are accustomed to speak of vegetable matter as 

dead ” when removed from the sphere of the vitally active cells. To 
the chemist no such sharp line of demarcation exists. The sub¬ 
stances composing the tissues of plants, and notably the lignocelluloses, 
are, as is evident from their nature, capable of a long series of 
intrinsic modifications, and we think due weight should be given to 
such considerations in all endeavours to advance from our present 
very imperfect knowledge of the chemistry of elaboration. 

In conclusion, we would briefly summarise the main points which 
we have thus endeavoured to establish, with regard to the constitution 
of 1 the jute fibre-substance., 

; (1.) A compound of cellulose and non-cellulose, empirically 

A";;';: - / y : i 'y " *Or carbohydrate yielding 'furfural 1 ,. 
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of the general chemical features of tlie celluloses, resisting* hydrolysis 
and yielding explosive nitrates, of which the highest is the tetra- 
nitrate. 

(2.) The non-cellulose is a complex molecule, from the products of 
resolution of which, by chlorination and hydrolysis, we infer it to 
contain the following groups of molecules :— 

(a.) OisHigOio, ketone transitional to a quinone, chlorinated directly 
to form inairogallol: (b.) 0 5 H 4 0 t », furfural in combination, by con¬ 
densation with (a), and with (c) an acetic residue. These are com¬ 
bined in the approximate molecular proportion (a) 2, (b) 6, (c) 5, 
™ ,C7eHfioO;i7- 

(3.) The lignocelluloses in the earlier stages of growth are con¬ 
stituted on this type. The true woods, on the other hand, appear to 
represent a more condensed type. 


XXVII .—The Atomic Weight of Chromhim. 

By S. G. B/AWSON, B.Sc., Demonstrator of Chemistry, University 
College, Liverpool, 

A great many investigations have been made of the atomic weight of 
this element, and the result, leaving on one side the work of the 
earlier experimenters, seems to place the value between 52*0 and 52*5. 
In consequence of this considerable difference, it seemed to me that a 
redetermination of the atomic weight might he of service. 

The first experiments of any value were those made by Peligot 
(GompL rend,, 19, 609 and 734; 20, 1187; 21, 74), who analysed 
chr onions acetate, and came to the conclusion that the atomic weight 
was about 52*5, the earlier results of Berzelius having given 56. 
Berlin, in an important paper (/. >pr. Ghent,, 37, 509, and 38, 149), 
obtained results from which he deduced an atomic weight of 52*51, if 
0 = 16; the method employed was to reduce silver chromate with 
alcohol and hydrochloric acid, and then having thoroughly washed 
the silver chloride formed, to heat this in the flask in which the 
reduction took place. The washings were then treated with ammonia, 
and the precipitated hydrate filtered, dried, and ignited. The objec¬ 
tion to this plan is, as Siewert pointed out, that silver chloride is 
soluble in a chromium chloride solution, and consequently traces of 
silver chloride are estimated with the chromium hydrate; this error 
would tend to raise the atomic weight of the metal. Siewert s 
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(Zeitsehnft gesammt. Wissenschaften, 17, 530) own plan was to fuse 
the sublimed violet chloride of chromium with sodium carbonate and 
nitre, then to precipitate the chlorine with silver nitrate in the pre¬ 
sence of nitric acid, and weigh the silver chloride thrown down. In 
some experiments on the silver dichromate, both the silver chloride 
and the chromium hydrate were weighed. The mean of all Ins 
results was that if 0 = 16, Cr — 52T29. 

Another series of experiments was carried out by Kessler (Fogg* 
Ann., 95, 208, and 113, 137), who compared the oxidising power of 
potassium dichromate with that of potassium chlorate, the solutions 
used for titration being ferrous chloride and arsenious acid. He 
deduced the molecular weight of K 2 Cr 2 0 7 as equal to 294*013, whence 
the atomic weight of chromium is 52*116. 

Moberg (/. pr. Ghem 43, 114) ignited anhydrous chromium 
sulphate and ammoniacal chrome-alum and weighed the residual 
Ci‘o0 3 . There are, however, two objections to his method—first, that 
it is difficult to obtain the pure anhydrous salts, and then, as has 
been recently shown by Lupton, it seems to be exceedingly difficult to 
completely decompose the snlphates, no matter how high the tempera¬ 
ture of ignition may be. 

Baubigny (OompL rend., 98, 146), however, who has lately pub¬ 
lished some researches on this point, found that if a perfectly pure 
sulphate be taken, prepared according to the method indicated by 
him, and ignited, the decomposition is complete, and he gives as the 
mean of the results which he considers most trustworthy, the figure 
52*16 for the atomic weight of chromium. Clarke, in his work on 
the u Recalculation of the Atomic Weights,” also gives the results 
obtained by various other experimenters. 

Passing on to my own work, I may mention that the balance used 
was of the short-beamed type, and was by Sartorius of Gottingen. 
I determined its sensibility, and the ratio of the arms of the balance 
to one another was also obtained and allowance made for this; the 
correction necessary, however, being very slight. In weighing, the 
method of vibrations was always used, a zero reading being taken 
both before and after weighing in every case, and the value of a scale 
division for the particular load was determined by shifting the rider 
0‘6 milligram at a time. 

The weights used were made by Oertling, and had been specially 
adjusted. Mr. Chaney was kind enough to standardise two of the 
10-gram weights for me, and found that 10 A = 10*000077; 10 B = 
10*000087. 

From these, the actual values of the remaining brass gilded 
weights were determined, Ho correction was made for the platinum 
weights.' - 
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The idea on which I proposed to myself to work was of a two-fold 
nature. In the first place by the ignition of ammonium dichromate, 
I hoped to measure the nitrogen evolved, and to weigh the chromium 
sesquioxide which remained after ignition, and then, in the second 
place, to reduce the dichromate with alcohol and hydrochloric acid to 
the chloride, and estimate the oxide produced by direct precipitation 
with ammonia. Hence the only salt which I should require -was 
ammonium dichromate, and this, from the readiness with which 
it can be bonght of very considerable purity, and from the ease with 
which it can he recrystallised, was very suitable for the purpose. It 
is, moreover, permanent in air, is not hygroscopic, and the atomic 
weights of its constituents are amongst the best determined of all 
the atomic weights of tbe different elements; for, amongst many 
others, Stas and Begnault have both determined the atomic weights 
of oxygen and nitrogen. 

As it is clear that the purity of the ammonium dichromate was of 
paramount importance, I endeavoured to secure this in the following 
way: 


Purification of Ammonium Dichromate, 

8 ozs. of the purest ammonium dichromate which I could obtain 
was very carefully analysed and with practically negative results, so 
far as impurities were concerned. It was then recrystallised from 
water which had been thrice distilled, the weight of the crystals 
obtained being 5 ozs. The crystals were again dissolved, and the 
solution evaporated down on a water-bath with constant stirring until 
about 3 ozs. of the crystals in a mealy condition were obtained. These 
were again recrystallised and the crystals drained on a filter-pump, 
washed with cold water, and again dried by the filter-pump. This 
operation was repeated, and the crystals once more dissolved in 
water, and then as a trace of a basic salt might have been formed by 
the previous crystallisations, though the solution on inspection 
appeared absolutely clear and bright, it was filtered through a filter- 
paper, previously boiled and washed in pure water, and evaporated 
nearly to dryness on a water-bath with constant stirring. The mass 
was then again drained on the filter-pump, crushed, and dried in an 
air-bath at 100° for 36 hours, with occasional stirring, and finally 
placed in a desiccator for about a fortnight. In this manner it is 
hoped that the salt was obtained in a state of purity. 

Method A. Ignition of Ammonium Bichromate . 

A weighed amount of the dichromate was placed in a small, thin 
tube, which was then sealed up, and this was inclosed in a piece of 
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wide glass tubing, sealed at one end and drawn out and bent at right 
angles at tlie other, and loosely plugged towards this end with cotton¬ 
wool. The inner tube was then broken by a slight jerk, and the 
dichromate distributed along about one-sixth of the length of the 
outer tube ; the latter w r as then connected with a series of (J -tubes 
filled with calcium chloride, which in their turn were connected 
with a Sprengel pump. The apparatus was then exhausted and 
the tube cautiously heated in order that the evolution of nitrogen 
might be more under control. In spite of the greatest care, however, 
the dichromate burned, when once started, like so much tinder, and, 
in consequence, the nitrogen came off with such rapidity that I was 
unable to prevent some particles of chromium oxide from being 
carried away. Not only so, but it seems to me more than likely that 
traces of the dichromate itself might also be mechanically removed, 
and, perhaps, a minute quantity might even escape decomposition 
altogether, mixed as it is with the extremely voluminous and light 
residue of the oxide. I tried plugging the tube with asbestos and 
mixing the dichromate with a known weight of pure sand, but the 
results were not satisfactory. Besides these errors arising from im¬ 
perfect mechanical appliances, and which might, no doubt, be over¬ 
come, there is a far more serious one in that the gas which is evolved 
is not pure nitrogen as it is usually stated to be. If the gas, as it is 
given off, be dried and collected in a suitable vessel over mercury, it 
will be seen to be of a very faint brownish colour with a nitrous 
smell and acid reaction. If the gas be shaken up with water the 
solution gives clearly enough with ferrous sulphate and sulphuric 
acid the ordinary reaction for nitric acid; and if the gas is allowed 
to remain standing over the mercury, the surface of this becomes 
coated with a slight white deposit, probably the nitrate. I also 
observed another curious fact in some rough experiments in which no 
dr/irig took place and the tube was not plugged. The gas was passed 
through a series of empty bottles to serve as catch vessels for the 
oxide ; in the first of these there was a strong smell of ammonia, and 
the gas bad an alkaline reaction, whilst in. the glass collecting-tube 
nitrous fumes were present, as mentioned above. I tried two or three 
different samples of dichromate with exactly the same results. In 
this connection, the appearance of the oxide is interesting, for instead 
of being of a bright green colour, as one would expect, I always 
found it to be mixed with numerous particles of a greyish colour, in 
fact, I should feel disposed to say that the whole was rather grey 
than green. These particles, when rubbed on paper, gave an olive- 
green streak, but if they were again ignited in the presence of air, 
/then they assumed the' ordinary green colour of oxide of chromium, 
and^their'streak,;.was also, of the usual tinge. It;irouhh;seem.'thhtf 
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besides the primary reaction in which nitrogen and chromium oxide 
are mainly formed, there is a secondary reaction resulting in the 
formation of one or more of the oxides of nitrogen, and of an oxide of 
chromium of a composition not expressed by the formula Cr^Os. I 
give the result of an actual experiment. 

Weight of dichromate taken = 1*29495 gram. 

Volume of nitrogen at 0° 0. and 760 mm. pressure, 111*946 c.c. 

Volume of nitrogen calculated at 0° C. and 760 mm. pressure (if 
Or = 52), 114*740 c.c. 

Volume of nitrogen calculated at 0° 0. and 760 mm. pressure (if 
Or = 52*5) 114*292 c.c. 

I assumed that the atomic weight of O = 15*96, of hT = 14*02, and 
that at standard temperature and pressure a litre of nitrogen weighs 
1*25700 grams. 

Method B. Reduction of Ammonium Bichromate to Chromium Chloride. 

In this series of experiments, as previously mentioned, a known 
weight of the dichromate was reduced with great care to chromium 
chloride, precipitated with the least possible amount of ammonia, and 
then ignited and the oxide weighed. It is clear, therefore, that 
besides ammonium dichromate four other compounds, namely, water, 
hydrochloric acid, alcohol, and ammonia, took part in the reaction. 
These substances all readily lend themselves to purification, and the 
method employed for this purpose in each case I will briefly indicate. 
A platinum dish of 200 c.c. capacity was taken and tared against 
another dish of the same size and almost the same weight, the differ¬ 
ence in the weight between the two dishes being made up by means 
of a small piece of platinum foil. These two dishes were treated in 
all respects alike, when one was placed on the water-bath, so also was 
the other, and for the same time; they were ignited in a similar 
manner, and they were placed in desiccates for the same length of 
time, &q. In this manner the various corrections, at best uncertain, 
which would have been necessary in computing the actual weight of 
the dish, were obviated. They were both covered with platinum 
foil, but their covers were not weighed with them. 

The dishes having been carefully tared, a known volume, viz., 
100 c.c. of pure trebly distilled water was then evaporated to dryness, 
the dishes ignited, and again weighed. I was unable to detect any 
difference in their weight, and the experiment having been repeated 
once or twice with the same result, it was assumed that the water was 
pure. The hydrochloric acid was bought as the purest, but it was 
again distilled most carefully, and 100 c.c. evaporated as before, there 
being in this case also either no residue or one which was absolutely 
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inappreciable, Witli the ammonia, winch was also redistilled, there 
was no residue, though in this case I only evaporated a much smaller 
quantity, namely 20 c.c. The alcohol, however, gave me at first a 
residue of O'003 gram per 20 c.c. of alcohol taken, but after being 
again very carefully distilled, was found to be pure. 

Having thus purified the materials and determined the errors, if 
any, introduced into the estimation by the reagents employed, it was 
now possible to make some determinations of the required atomic 
weight. As the same plan was adopted throughout, a short descrip¬ 
tion of one experiment will suffice for all the others. 

The two platinum dishes having been carefully cleaned were 
ignited, cooled in desiccators, and weighed against one another, the 
piece of platinum foil being adjusted until the difference between the 
two was reduced to an amount less than 1 mgrm., the exact differ¬ 
ence being carefully noted. The. finely ground ammonium dichromate 
was then placed in one dish, weighed, and the temperature and pres¬ 
sure noted; 10 c.c. of water were then added, and when the salt had 
dissolved, 10 c.c. of hydrochloric acid; then with great care, and in 
small quantities at a time, 10 c.c. alcohol were added, and the whole 
evaporated to complete dryness on the water-bath, the platinum dish 
serving as tare being also placed on the water-bath. The above 
treatment was again repeated, so that there should he no doubt as to 
the complete reduction of the salt. The residue was taken up with 
10 c.c. of water, and then 2 c.c. of the pure ammonia solution were 
added, and the whole stirred with a platinum wire bent once at right 
angles. Another 10 c.c. of water -were added, and 3 c.c, of ammonia, 
and the mass again thoroughly stirred with the wire, which was 
washed with 10 c.c, of water. The mass was then evaporated to 
complete dryness, placed in an air-bath, and heated at about 140° 
for five hours. The two dishes, with their loosely-fitting platinum 
lids, were next placed in a gas-muffle, the floor of which was covered 
with asbestos card, the dishes themselves resting on pipe-clay 
triangles. The temperature was slowdy raised to redness, and main¬ 
tained at that point for an hour; the evolution of ammonium chloride 
was perfectly under control, and I do not believe that a trace of the 
oxide was mechanically carried away. In the volatilisation of the 
ammonium chloride, it was, however, possible that a certain amount 
of decomposition might have taken place, and that a trace of chro¬ 
mium chloride might have been re-formed, for it was found that, if a 
mixture of the hydrate and ammonium chloride were heated in a long 
glass tube, closed at one end and contracted at the other, a consider¬ 
able amount of the chloride was produced. It is true that the 
conditions obtaining in the two cases were very different, still as 
there was the chance that an error might be introduced, it was 
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necessary to provide against it. The ignited residue -was, therefore, 
treated with water, and then a little ammonia added, and the whole 
again evaporated to dryness and ignited. The dishes were then 
removed from the muffle by means of a fork with two prongs 
made of brass wire and coated with platinum foil, and placed at once 
in desiccators, allowed to cool in the balance-room, and weighed, the 
temperature and pressure being noted. They were again heated for 
half an hour and weighed, and also a third time; if the last two 
weighings agreed, the result was accepted. In this way, throughout 
the whole process, there was no transference at any time of any of the 
material from one dish to another, no filtering, no handling of any 
of the apparatus employed, and no burning of filter-papers, the whole 
operation being of the simplest kind. The chromium oxide was 
always of a beautiful green colour, and its purity was tested by treat¬ 
ing it with water and filtering. The filtrate was clear and colourless, 
and on evaporation gave no residue. There were in all eight estima¬ 
tions made, but the first one was spoiled by using too much ammonia 
for the precipitation, and the second through incompletely drying the 
residue,in the air-oven before igniting in the muffle. The remaining 
six observations gave the subjoined results. 

The assumptions made in the calculations were these :— 

grams. 


1 litre of air at 0° 

C. and 760 mm. pressure 

weighs 1*293 

Correction for 1 

gram (HH^aCrgO? at standard 

atmosphere.... 


. 0*000446 

Correction fcr 1 

gram Cr 2 0 3 at standard atrno- 

sphere. 


. 0*0001 

Atomic weight of 0. 

— 15*96 

Atomic weight of 1ST. 

= 14*02 

Atomic weight of H. 

= 1*00 

I give the experimental results and the value 

for the atomic weight 

of chromium deduced from each of them. 


Weight of 

Weight of 


(NH 4 ) 2 0r 2 0 7 . 

Cr*j0 3 

Ratio of 

(corrected) * 

(corrected). 

Cr : H.. 

1'012?5 

0*61134 

52*130 

1-08181 

0-65266 

52*010 

1-29430 

0-78090 

52*020 

2/13966 

0*68799 

52*129 

0-98778 

0-59595 

52*016 

1*14319 

0-68987 

52*059 


General mean .. <., 

,. 52*061 


Maximum difference, 0*120 
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From this it wilL be seen that my experiments give results corre¬ 
sponding to the lower limit for the atomic weight of this clement, and 
further, mate the value approximate very closely to a whole number. 
I do not know of any constant source of error in my experiments. 
The only point in which there might be, perhaps, a risk of loss, is 
in the ignition of the mixture of chromium hydrate and ammonium 
chloride, with the loss of a little of the chromium oxide as the 
ammonium chloride volatilises. 

I have never had, however, any ground whatever for supposing 
that such was the case, and further, the platinum covers loosely fitted 
to the dishes would, I think, practically remove even the chance of 
any such source of loss. The appearance of the residue, also, did not 
lend itself to any supposition of this kind. 


XXVIII.— The Decomposition of Garb on Disulphide by Shock* 

(X Lecture Experiment.) 

By T. E. Thoepe, F.R.S. 

, :"h 

It is usually stated in the text-books that only one compound bf 
carbon and sulphur is known, viz., carbon, disulphide, but the investi¬ 
gations of Hermann, Gruignet, Low, Sidot, and Ba&b have rendered it 
certain that several sulphides of carbon exist. The accounts which 
have been given of the nature and composition of these substances 
are, however, somewhat conflicting, and this fact induced me, some 
little time since, to begin some experiments with a view of obtaining 
further evidence on, the subject. 

Low obtained a sesquisulphide, C 3 S 35 by the action of sodium- 
amalgam on carbon disulphide, and Eaab prepared a compound, C s S 2 , 
which he termed pentacarhon sulphide, by the action of sodium alone 
on the disulphide. One difficulty attending the use of the amalgam 
consists in the necessity of removing the mercury, and this, in Low's 
process, involves the employment of sulphuretted hydrogen; in the 
other method the sodium becomes gradually coated with a thin crust 
of the product, and the action ceases after a time. It occurred to me 
that possibly better results might be obtained by the use of the fluid 
alloy of potassium and sodium, which is very mobile, and which, it 
was hoped, could be readily detached from the incrusting mass by 
shaking, and thus cause fresh surfaces of the mixed' metals to he 
exposed to the action of the disulphide. Accordingly, as a prelxmi- 
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nary experiment, I treated a small quantity of rectified carbon disul¬ 
phide, dehydrated by phosphorus pentoxide, with a lew grams of the 
fluid alloy made by squeezing the two metals together through a 
sodium-press. After standing for a few hours, considerable quan¬ 
tities of a yellowish-brown powder were seen to have incrusted the 
globules of the alkaline alloy; but on shaking the bottle to detach 
the crust, the contents exploded "with a loud report, and my hand 
was coated with a black deposit apparently consisting of finely divided 
carbon. 

Further experiments on the yellowish-brown powder showed, in 
fact, that it is highly explosive ; on simply pressing a few particles of 
it with a glass rod, it detonates with even more violence than diamine 
diiodide (iodide of nitrogen). 

On reflecting on the circumstances of the explosion, it seemed to 
me that the deposit of carbon on my hand was far larger than could 
possibly have come from the decomposition of the yellowish-brown 
powder itself. The only other snbstance present which conld have 
furnished such a deposit was, of course, the carbon disulphide. Now, 
carbon disulphide is an endothermic compound: when formed from 
its elements, and as liquid, it absorbs, according to Thomsen, 
19,610 calories. Hence it was not improbable that it would be found 
to behave like acetylene, cyanogen, nitric and nitrous oxides, the 
oxides of chlorine, &c., and experience decomposition by sadden and 
violent shock. On this supposition, the carbon disulphide had in all 
probability been resolved into its elements by the violent explosion of 
the relatively small quantity of the yellowish-brown powder, just as 
Berthelof has shown that acetylene and cyanogen may be so resolved 
by the explosion of mercuric fulminate. A very few trials proved 
that this was actually the case, and as the experiment forms an 
exceedingly easy and perfectly safe method of demonstrating the 
resolution of an endothermic compound by shock, as a class illustra¬ 
tion, I venture to bring it under the notice of the Society. 

The apparatus required consists simply of a thick glass tube about 
600 mm. long and 15 mm. wide, fitted at one end with a caoutchouc 
cork through which pass two stout wires or thin rods. On the end 
of one wire is fixed a small brass or iron cup like that of an ordinary 
deflagrating spoon, and the other is so bent as to nearly touch (to 
within 2 or 3 mm*) the bottom of the cup in which is placed about 
0*05 gram of mercuric fulminate. The cork is now fixed tightly into 
the tube, and a piece of paper, slightly longer than the tube, is 
moistened with carbon disulphide and placed within the tube, which 
is supported at au angle of about 45° by means of a clamp and retort 
stand. After a minute or so, the tube will be practically filled with 
the vapour of carbon bisulphide, and the paper may he withdrawn. 
VOL. LV. ' , R 
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On passing a spark from a Kuhmkorff coil placed in connection with 
the wires running through the cork the fulminate explodes, and the 
internal walls of the tube are seen to he lined with, a deposit of soot 
mixed with a small quantity of mercuric sulphide and free sulphur. 

Similar effects are obtained by tilling the tube with a mixture of 
carbon disulphide vapour and nitrogen or carl)on dioxide, and then 
passing the spark. In these cases the deposit of carbon is compara¬ 
tively dense, lustrous, and coherent. 

Only a very small quantity of mercuric fulminate is required to 
initiate the decomposition, and this fact serves to support Berthelot/s 
theory of the nature of the change. The shock of the explosion 
communicates to the layer of the gaseous molecules in immediate 
proximity to the fulminate an enormous active force, whereby the 
“molecular edifice” is shaken to pieces, and the initial active force is 
augmented to a degree corresponding to the heat evolved by the 
decomposition of the gas. A new shock is thereby produced in the 
next layer, and the action is repeated and so propagated until the 
molecular system is completely destroyed (compare Berthelot, Bull, 
Sac , Glrim., 38, 5—8). 

Attempts to bring about this decomposition by the use of other 
explosive agents than the yellowish-brown powder and the fulminates 
have not hitherto been successful, Mr. G. S. ISTewth, my lecture 
assistant, has tried for me the action of gunpowder, mixtures of 
potassium, chlorate and phosphorus, of potassium chlorate and 
ammonium pierate, acetylide of copper, diamine diiodide (iodide 
of nitrogen), Berthollet’s detonating silver, mixtures of oxygen 
and hydrogen, oxygen and carbon disulphide vapour—all of which 
may be fired by the electric spark, but the explosion of these agents 
has apparently no decomposing effect on the carbon disulphide 
vapour, A minute fragment of the yellowish-brown powder placed in a 
tube filled with carbon disulphide vapour and rubbed with a glass rod 
exploded with great violence, and occasioned an abundant deposit of 
carbon and sulphur on the walls of the tube. It appeared as if the 
free sulphur existed for some little time as a gag, for it was mainly 
deposited in the upper portion of the tube, whereas the great bulk of 
the carbon settled near the bottom. 

As to the nature of the yellowish-brown powder, I am as yet only 
able to offer conjectures. It may be a compound of carbon monosul¬ 
phide and potassium, analogous to that formed by the action of 
carbon monoxide and potassium. There is some ground for the 
belief that the highly explosive character of the latter substance is 


really due to the formation of potassium acetylide produced by the 
action of moist air upon it. That the compound of carbon monoxide 
; and potassium, when thro wn into water, detonates with great violence 
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and with the evolution of acetylene is well known; indeed it was by 
this action that John Davy first isolated acetylene. In the case of 
the compound formed by the action of carbon bisulphide, there can, 
however, be no suspicion of the presence of hydrogen. 


XXIX .—Some Compounds of Tribenzylphosjfhine Oxide. 

By Hormjjst Collie, Pk.D., E.B.SJE. 

In a paper by Professor Letts and myself, “ On the Action of 
Phosphide of Sodium on Haloid Ethers and on the Salts of 
Tetrabenzylphosphonium 77 (Trans. Boy. Soc. Bdin ,, 30, Part 1, 181), 
we showed how the oxide of tribenzylphosphine could be easily 
obtained from chloride of tetrabenzylphosphonium; and some of its 
compounds were prepared. In this paper the action of nitric acid 
and sulphuric acid on oxide of tribenzylphosphine will be described, 
and also the combinations it forms with hydrogen chloride and with 
acetyl chloride. 

The oxides of tertiary phosphines belong to a somewhat remarkable 
class of compounds. They are amongst the most stable substances to be 
met with in the whole range of organic chemistry ; they are usually 
unacted on by snch reagents as sodium, fuming nitric acid, and penta- 
cbloride of phospborns, they are neutral in. tbeir action on litmus- 
paper, yet they unite with acids, such as hydrochloric or hydrobromic 
acid, with the greatest ease to form well-characterised compounds; and 
they also combine with metallic chlorides, iodides, t%e., forming double 
salts, an excellent example of which is the beautifully crystalline 
compound which triethyl phosphine oxide forms with zinc iodide, 
2 (OsH.fhP0, Znl 2 , first obtained by Hofmann; and although no definite 
combination'of a phosphine oxide with a base is known, yet if strong 
caustic soda be kidded to an aqueous solution of trietbylpkospliine 
oxide, an oily layer separates which contains a very large quantity of 
sodium hydroxide, and which may possibly be a definite compound of 
the two. 

I have now prepared compounds which show that in certain cases 
the phosphine oxides may also be compared with hydrocarbons, as 
they yield sulpkonic acids and nitro-derivatives when treated with 
sulphuric acid or nitric acid. The study of these combinations of the 
oxides of the tertiary phosphines with acids, salts, and other sub¬ 
stances, does not at first sight appear to be of much interest, owing 
to our inability to express the resulting formulae of the compound^ 

; ’ r" 2 " ':'A 
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graphically, unless phosphorus be taken as more than pentavalont; 
yet ilie groat stability of some of the compounds formed makes this 
study one of interest, and certainly seems to point to the combination 
being something more definite than that which occurs in the case of 
ordinary double compounds, which are easily decomposed when dis¬ 
solved or by heating. Bor example, when gaseous hydrogen bromide 
is passed into melted oxide of triethyl phosphine, it is absorbed with 
the evolution of much heat, and a definite crystalline substance is 
formed, which distils constantly at a temperature as high as 
303—308° (Letts, Trans. Boy. Soc. JEdin 30, Part 1, 332), and which 
has the formula 4(0 2 H 5 );}P0,3EBr. This compound, even when dis¬ 
tilled under reduced pressure, contains identically the same amount 
of hydrogen bromide. Again, all oxides of tertiary phosphines form 
well-marked platinochlorides of the unusual formula 4P 3 PO,H 2 PtO]a, 
although the compound of the oxide itself with hydrogen chloride 
is analogous to the hydrogen bromide compound, and has the formula 
4R 3 P0,3HC1. 

Some of the combinations of tribenzylphosphine oxide have already 
been prepared by Professor Letts and myself. The platinochlo- 
ride, 4(G 7 H7) 3 P0 5 H2PtCl 6 , and also a compound with bromine, 
5(C 7 H 7 )aPO,4Br 2 , were obtained, and a sulphur compound, 
5(C7H 7 ) 3 PO,S, was produced by heating the oxide with flowers of 
sulphur. Pleissner (Ber., 13,1665) has also prepared a large number 
of double compounds of the oxide with metallic salts. 

During my experiments with tribenzylphosphine oxide I have 
found it to be one of the least stable of this class of compounds. 
When fused with sodium, the oxygen is certainly removed from the 
molecule, but owing to the high temperature further decomposition 
occurs. It can also be partially oxidised to phosphoric acid, when 
boiled with fuming nitric acid and chlorate of potassium, or when 
warmed with a strong alkaline solution of permanganate of potassium. 
Chromic acid is, however, without action on it. It dissolves readily 
in warm oil of vitriol without change, but if fuming nitric acid be 
carefully added to this solution a trinitro-derivative is produced, 

(CtHOaPO + mm 3 = (c 7 h 6 'No 2 )*po + sh 8 o. 

This nitro-compound is oxidised by permanganate of potassium, 
yielding parauitrobenzoic and phosphoric acids, thus showing that 
the nitre-groups are in the para-position. 

The trinitro-compound, when treated with tin and fuming hydro¬ 
chloric acid, is probably reduced to a triamido-derivative, which does 
not seem to form salts, it is, therefore, not of a basic character, and 
is unlike the corresponding derivative obtained by Michaelis and 
Boden (Ber.^ 17,921) from the oxide of triphenylphosphine. ■ 
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The oxide of tribenzylphosphine when dissolved in warm sulphuric 
acid is reprecipitated on diluting the solution with water, but if the 
mixture be heated to 150—170°, and water added when it is cold, the 
solution remains clear and contains a sulphonic acid, 


(C 7 H 7 ) 3 PO + SHoSCh = (C 7 H 6 -S0 3 H) 3 P0 + 3H.O. 

This acid forms a soluble barium salt, from which the acid can be 
obtained. The aqueous solution of the acid evaporated in a vacuum 
dries up to a semi-crystalline mass. In this case also, the new groups 
taken up by the molecule are in the para-position, for on oxidation 
parasulphobenzoic acid is obtained. 

Tribenzylphosphine oxide greedily absorbs gaseous hydrogen chloride, 
forming a compound, 4(C 7 H 7 ) 3 P0,3HC1, hut this is unstable, and 
when heated parts with hydrogen chloride. 

Acetyl chloride also unites with the oxide, giving a compound, 
(C 7 H 7 ) 3 ,PO,CH 3 -COCL This substance also dissociates when heated. 

The Action of Nitric Acid on Tribenzylphosphine Oxide . 

Some pure oxide of tribenzylphosphine was dissolved in strong 
sulphuric acid, care beiug taken not to allow the temperature to rise; 
excess of strong nitric acid was then carefully added, and the whole 
poured into water. A white, flocculent precipitate was obtained, 
which was washed with water, dissolved in hot glacial acetic acid, 
and again precipitated by water. Thus prepared it formed a white, 
amorphous substance, which scarcely showed any signs of crystallisa¬ 
tion. On heating, it melts at about 100°, and at higher temperatures 
suddenly deflagrates, leaving a mass of carbon. An analysis gave 
the following results:— 

I. 0'3I1 gram substance gave 0*626 gram C0 2 and 0*101 gram 

BW). 

II. 0*487 gram substance gave 38*2 c.c. of nitrogen at 13° and 
745 mm. pressure. 


Found. 

-a -- Calculated for 

I. II. (C 7 H 5 -NO*) 3 PO. 

C ......... 54*89 — 55*38 

11.. 3*60 — 3*95 

IT........... — ' 9*07 9*23 


The trinitro-derivatiye of the oxide remains unchanged when 
boiled with chromic acid, hut a warm alkaline solution of perman¬ 
ganate of potassium oxidises it at once. On the addition of an acid 
to this solution, a white, crystalline precipitate separates immediately. 
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Tills by rec* ^tallisation from dilute alcohol may be obtained in the 
form of leafy p L es melting at 231°. It is acid to litmus-paper. It 
was converted inU ' he silver salt and analysed. 

0*230 gram gave 0*0920 Ag = 40*0 per cent. Ag. 

Theory for A T QyC 6 H 4 *CQOAg ' = 39*4 

The melting point of paranitrobenzoic acid is 234° uncorrected, thus 
showing without doubt that the crystals obtained were that sub¬ 
stance. 

Some of the trinitro-derivative was warmfed with strong hydrochloric 
acid and tin. It slowly dissolved, and after the solution had been 
freed from tin by sulphuretted hydrogen a white, flocculent precipi¬ 
tate was obtained on the addition of sodium hydroxide. Several 
attempts were made to obtain this substance in a state of purity, but 
without success; the analyses did not agree amongst themselves nor 
with the numbers required for a triamido-derivative of the oxide, but 
as the substance no longer deflagrated when heated, it certainly was 
not the original nitro-derivative. 

Action of Sulphuric Acid on TribensyIphosphine Oxide . 

The oxide when dissolved in strong sulphuric acid does not react 
unless the temperature he raised above 100°; between 150° and 170° the 
whole of the oxide is readily converted into a sulphonic acid. This 
acid is soluble in water, and can be separated from the excess of sul¬ 
phuric acid (in the form of a soluble barium salt) by the addition of 
barium hydroxide. The acid itself is semi-crystalline, and dries up 
to a syrup over sulphuric acid. The barium salt is also soluble in 
water and uncrystallisable, but can be obtained pure by the evapora¬ 
tion of an aqueous solution. The silver salt is thrown down as a 
flocculent, white precipitate when a strong solution of the barium 
salt is added to nitrate of silver. The copper salt is green in colour 
and soluble in water; the lead salt is also soluble. 

An analysis of the barium salt gave the following results :—» 

0*5905 gram salt dried at 120° gave 0*200 BaS0 4 = 19*9 per 
cent. Ba. 

This agrees with the amount of barium required by the monacid 
salt S0 3 ) 2 Ba(C 7 H 8 *SO a H)PO, which is 19*9. per cent. Ba, while 

the amount of barium contained in the normal salt (0 7 HyS0 8 ) ( iBa 3 P.>Ch 
is 26*9 per cent. Ba. ■ 

A determination of sulphur was also made in the barium salt. 

■ ;'0 4 422" grain. 11 salt ; gave 0*410 gram BaSCh =. 13*6' per'cent. 1 
Calculated for (C 7 H 6 »S0 3 ) 2 Ba(C 7 Ho*SO a H)PO = 13*8. ‘ ' v 
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The sulphouic acid, like the nitro-compound, is not oxidised by 
chromic acid solution, but it is when warmed with an alkaline solu¬ 
tion of permanganate of potassium. The acid obtained horn this 
solution crystallises in needles, which decompose when heated to 
190°, Whether they were parasulphobenzoic acid or not it is impossible 
to say with certainty, owing to the small amount under examination. 
But parasulphobenzoic acid melts at 200° with decomposition. 


Action of Hydrogen Chloride on TribenzyljphospMne Oxide . 

When warmed with an aqueous solution of hydrogen chloride, 
the oxide remains unchanged, but if a current of the dry gas be 
passed over the finely powdered oxide, it is readily absorbed, and a 
compound is obtained which is unchanged when exposed to the air. 
It decomposes into tribenzylphosphine oxide and hydrogen chloride 
when heated or when boiled with water. 

0*5955 gram salt took 13*0 c.c. AgXG 3 decinormal solution = 
7*7 per cent. Cl. 

Theory required by 4(C 7 H 7 ) 3 PG,3HC1 = 7*6 per cent. Cl. 

A similar compound is formed when hydrogen bromide is used. 

If acetyl chloride be added to a solution of the oxide in acetic 
acid, and the solution be slowly evaporated, a crystalline salt will 
separate out, which is a definite compound of acetyl chloride and 
the oxide. It is decomposed by boiling* water or by solution of 
sodium hydroxide, and when heated it splits up into acetyl .chloride 
and the oxide. 

On analysis, it gave the following result:— 

0*601 gram, salt took 15*0 c.c, AgX0 3 decinormal = 8*8 p. c. Cl. 

Calculated for (C 7 H 7 ) 3 POCH 3 -COCl = 8*9 ‘ „ 


XXX.— The Constitution of Trimuline and Allied Sulphur Compounds. 
By Arthur G-. Green, F.LC. 

In February, 1887, I found that by heating paratoluidine with 
sulphur in the proportion of from 4 to 5 atoms of the latter to 2 mols. 
of the former, a product was obtained which consisted of a mixture of 
at least two bases containing sulphur. The sulphouic acid of the 
more complex of these two bases Had the peculiar property of dyeing 
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Tinmordantod cotton primrose-yellow, and was capable of being 1 
diazotised within the fibre, and of combining with amines and with 
phenols. This product was put upon the market by Messrs. Brooke, 
Simpson, and Spillor, Limited, under the name of “ Prinmline ” 
(,Journ . Soc. Chem . Ind, t 1888, 179), and is largely employed in 
cotton dyeing on account of the great range of fast shades that may 
be obtained with it. It now appears in the market under a variety 
of names, such as “ polychromine,” ‘Hhiochromogen,” “ sulphine,” 
“ aureoline,” u chameleon-yellow,” u carnotine,” &c. Since the dis¬ 
covery of the peculiar behaviour of paratoluidine with sulphur, I have 
been constantly engaged in attempting to elucidate the very compli¬ 
cated reactions which take place; and although I have not yet been 
able to determine with certainty the formula of prinmline, I have 
gained considerable insight into the constitution of the entirely new 
class of compounds to which it belongs. Any incompleteness in the 
present work must be excused, on the ground that its publication has 
been hastened by the recent appearance in the Berichte of researches 
on the same subject, in which some of my results have been fore¬ 
stalled. 

Action of Sulphur on Paratoluidine . 

In 1872, Merz and Weith (Ber 4, 893) showed that by heating 
paratoluidine with sulphur in presence of oxide of lead, thiopara- 
toluidine (diamidoditolyl sulphide) [C G H a (CH 3 )*NH a ]$, was obtained, 
but since that time no other investigation has been published on the 
subject. When oxide of lead is not employed, no reaction takes place 
at 140°, but at a higher temperature, 175° and upwards, hydrogen 
sulphide is evolved freely, and the reaction takes quite a different 
course. By heating 2 mols. of paratoluidine with 4 atoms of sulphur 
for about 10 hours, the loss of hydrogen sulphide corresponds exactly 
■with the equation— 

2€ 7 H (j N 4- 4S = G U KM + 3H 2 S. 

The product is not homogeneous, but consists of about 50 per cent, 
of a base, CuH^NsS (dehydrothiotoluidine),40 percent, of primuline- 
base, and 10 per cent, of unaltered paratoluidine. If a smaller 
proportion of sulphur is employed, a large quantity of the toluidine 
remains unaltered, whilst the dehydrothiotoluidine, CuEJS^S, is still 
the main product, accompanied hy a greatly diminished amount of 
ptimuline base and a certain quantity of thiotoluidxne, 

^ehydrothiotoluiMne, GxJ£ul$$. 

. Several methods can be employed for the isolation of this base, the 
most convenient being, the extraction of the ^elt ,-jbj,bailing, it with 
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hydrochloric acid diluted with 1-| times its bulk of water, precipitat¬ 
ing the base with caustic soda, distilling it, and finally crystallising 
from amyl alcohol. By this method a very good yield of the pure 
base is obtained, whereas, if crystallisation alone is employed, without 
pi’eviously distilling, a pure product can only be obtained with 
difficulty s and in small qnantity. Another convenient method o£ 
isolating the base consists in employing twice the theoretical quantity 
of toluidine, and mixing the warm melt with benzene and light petro¬ 
leum : on cooling, the dehydrothiotoluidine crystallises out, whilst 
the thiotoluidine and excess of paratoluidine remain in solution. 

On analysis the base gave the following numbers:— 

Pound, 

Calculated for r --*-. 

C 14 H 12 N 2 S. L II. III. 

S . 13*36 13*28 13*64 13*7 7 

The dehydrothiotoluidine is a most beautiful compound: it crystal¬ 
lises from amyl alcohol in long, yellowish, iridescent needles; if 
melts at 191° (nncorr.), and boils with very little decomposition at 
434° (uncorr.) under 766 mm., B.P. It is very soluble in acetic- 
acid, tolerably soluble in hot amyl alcohol, less readily in hot ethyl 
alcohol, and only sparingly in benzene ; in boiling water, it dissolves 
to the extent of about 1 part in 20,000. Its alcoholic and aqueous 
solutions have a beautiful violet-blue fluorescence, which also cha¬ 
racterises all its derivatives. It dissolves in hydrochloric acid, 
forming the dihydrochloride, and on adding water a yellow pre¬ 
cipitate of the monohydrochloride is formed. .Dehydrothiotoluidine 
is a very stable compound: its sulphur cannot he removed or dis¬ 
placed by any of the usual reactions for removing sulphur from 
organic sulphides. 

When absorbed by the skin, it produces, in certain people, severe 
irritation, resembling eczema, an observation which has also been 
made by Hofmann with regard to several other sulphur compounds. 
When boiled with zinc-dust and hydrochloric acid, it is reduced to a 
base of totally different properties which I have not yet had time to 
investigate. On distillation with zinc-dust (10 parts), paratoluidine 
is regenerated. When heated with more sulphur, it gives primnline- 
base. By titrimetric diazotisation, using starch and potassium iodide 
as an indicator, it gave the following numbers, which prove it to con¬ 
tain only one KH 2 -group ;— 

Calculated for 

, c 14 h 10 snot 2 . 

Weight of HaHOg correspond-1 
ing to 1 gram of base .., / 


Pound. 

f A —\ 

I. II. Ill* 

0*29 0*30 0*31 
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Tliat tlie other nitrogen atom lias no hydrogen directly united to it 
was proved by the fact that the base can only form a monaeetyl-deriva¬ 
tive. The diazochloride is readily soluble in water, forming an orange- 
yellow solution, which is perfectly stable at ordinary temperatures ; 
the diazosodium sulphite is insoluble. By combination of the diazo- 
compound with sulphonic acids of «- and /3-naphthylamine, azo¬ 
colours are produced which are capable of dyeing unmordanted cotton 
from an alkaline bath, a property which has hitherto only been 
observed in azo-compounds derived from diamido-eompounds. 


Acetyldehydrothiotoluidine , 0 U H 10 SN*N H* C Q * CH 3 . 

This compound was prepared by boiling a strong acetic acid solu¬ 
tion of the base with excess of acetic anhydride. It forms small, 
white prismatic crystals which melt at 227° (uncorr.). It .is sparingly 
soluble in acetic acid, almost insoluble in alcohol. On hydrolysis 
with sulphuric acid, distillation, and titration of the acetic acid 
formed, it gave:— 

Calculated for 

C 14 H i0 SN*NH’CG • CH 3 . Pound* 

C 2 H 3 0 .. 15*25 15*76 

The acetyl-derivative combines with bromine to form an unstable 
addition-product; this separated as a yellow precipitate on adding 
bromine to an acetic acid solution of the acetyldehydrothiotoluidine. 
It is a very unstable compound, evolving bromine when heated, and 
even on boiling with water. 

Dime thy Ida hydro tlrio to Uridine , CuHioSN'lI (0H 3 ) a . 

This compound was prepared by heating delaydrothiotoluidine with 
methyl iodide, or by heating the hydrochloride with methyl alcohol 
at 120—150°. It forms yellowish-white, Battened needles or plates, 
somewhat sparingly soluble in alcohol. It melts at 196—197°, and 
boils at about the same temperature as dehydrobhiotoluidine. It dis¬ 
solves readily in strong hydrochloric acid, forming a light yellow 
solution of the dihydrochloride, which is decomposed on addition of 
water with formation of a yellow precipitate of the monohydro* 
chloride. ■ 

The trimeihylammonium iodide and, chloride , CuHioSN’hT(GHa) a I an&\ 
CuH 10 SK*N(CH 3 ) 3 C1, are very remai'kable, as they possess strong 
tinctorial powers. They are formed together with. the, dimethyl- 
derivative by heating dehydrothiotoluidine with methyl iodide and 
methyl alcohol, or with methyl alcohol and hydrogen chloride at 
150—200°. The chloride and iodide , are bright yellow powders, 
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readily soluble in water to yellow solutions, from which wool, silk, 
and cotton, mordanted with tannin, are dyed a pure yellow of exactly 
the same shade as auramine. The colour on silk has a beautiful 
green fluorescence. The aqueous solution of the chloride gave with 
platinic chloride a crystalline orange precipitate of the platinochloride 
[Ci 4 H 10 SN*N(CH 3 ) 3 Cl] 2 PtO] 4 . The platinochloride melts with decom¬ 
position at 231—234°, and on ignition gave the following numbers :— 


Calculated for 

[O m H 10 NS-N (CH 3 ) 3 Cl] 2 ,PtCl 4 . 
Pt.. 20*02 


Pound. 


1. II. 

20*19 20*02 


On heating the iodide it melts with evolution of methyl iodide, 
leaving a residue of dimethyldehydrothiotoluidine, CuHmSN’N(CH 3 } a . 
The yellow solutions of the iodide and chloride are nearly decolorised 
on adding an excess of mineral acid, probably from formation of 
di-acid salts; on dilution, the yellow colour returns. The solutions of 
the iodide and chloride give a white, fiocculent precipitate of the 
hydroxide on adding caustic soda; this redissolves in excess, forming 
a colourless solution (probably the natroxide, Oi 4 H 1 oSN*hr(CH 3 ) 3 Ohra). 
Prom the alkaline solution, the hydroxide is again precipitated on 
neutralisation with carbonic acid or acetic acid. The freshly pre¬ 
cipitated hydroxide is readily soluble in dilute mineral acids with 
production of bright yellow crystalline salts. If the hydroxide is 
dried for a few hours at 80—90°, it entirely changes its properties, 
being converted into the dimethyldehydrothiotoluidine, melting at 
197°, described above. 


JDelrydrotMotoluidmemonosuIjpiiomc Acid> CuH 9 S3ST(KH 2 )‘S0 3 H. 

This sulphonic acid was prepared by slowly adding sulphuric an¬ 
hydride (containing 70 per cent, of free S0 3 ) to a solution of dehy- 
drothiotoluidine in 5 parts of ordinary sulphuric acid, keeping the 
temperature below 50°. The solution was poured into cold water, 
and the Insoluble sulphonic acid collected and washed. It was then 
suspended in boiling water and neutralised with ammonia, when the 
sparingly soluble ammonium salt crystallised out; the yield was 
nearly theoretical. 

On analysis, the dry ammonium salt gave the following num¬ 
bers ;— 

Pound, 

Calculated for f -*- 

O i4 H 9 BN(NH 2 )-SO s NH 4 , L II. III. 

, S .............. 18*9 18*56, 18*7 18*58 
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By titrimetrio diazotisation tlie following numbers were ob¬ 
tained :— 


Calculated for 

O u lI 9 8N(Nir 2 )-SO a lNrE4, 


Weight of NaNOa corresponding to 
1 gram of the sulphonate. 


} 


0-205 


Found, 

0'21(h 


The free acid was obtained well crystallised on adding acetic acid 
to a hot ammoniacal solution and allowing it to cool. It is sparingly 
soluble in hot, insoluble in cold water. It crystallises either in 
flattened, yellow needles (with 1 mob H«0), or in aggregated, orange 
leaflets (with 2 mols. H 2 0), On drying, at 120° the yellow acid 
lost 

Calculated for 



c 14 Hc,sn(nh: 3 )-so 3 h+H a o. 

Found. 

h 2 o. 

. 5‘32 

47 

At the same temperature the orange acid lost— 

Calculated for 



C 14 H 9 SN(3STH 2 )-S0 3 H + 2H 2 0. 

Found. 

h 2 o..,.. 

.. 10-11 

10-13 


A. determination of the molecular weight of the dry acid by titra¬ 
tion with normal sodium carbonate gave the following result:— 

Calculated for 

C 14 n 9 SJSr(NII 3 )*S0 3 H. Found. 

Mol wt.320 322*6 


As this snlphonic acid is the lowest that could be obtained, the 
molecular weight of the dehydrothiotoluidine and its derivatives is 
established. 

The salts of the sulphonic acid are mostly colourless, and tolerably 
soluble in water, to which they impart a violet-blue fluorescence. They 
have no affinity for cotton, differing in this respect from the sulphonic 
acid of the primuline-base. The most characteristic salts are the am¬ 
monium and cupric salts. The former crystallises in small, colourless 
plates (with 1 mol H 2 0), which are sparingly soluble in hot water, 
very sparingly in cold water. The cupric salt is an insoluble reddish- 
brown precipitate, closely resembling cupric ferrocyanide; it is 
formed on adding copper -sulphate to a soluble salt of the acid. 
The silver salt is an insoluble, white precipitate. 

Constitution of Dehydrothiotoluidine . 

From the foregoing, it is established that the base has the formula 
1 , The first product of the action of sulphur on 
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paratoluidine is undoubtedly Merz and Weith’s tliiotoinidine (di- 
amidoditolyl sulphide) :— 


nh 2 

NIL 

/\_ 


\/ 

\/ 

cir 3 

OH, 


By the further action of sulphur on this compound, 4 atoms of hydro¬ 
gen are removed, with formation of dehydrothiotoluidine. Since one 
nitrogen of the latter is nitrilic in character, whilst the other is in 
the form of NH g , it follows that of the 4 atoms of hydrogen elimi¬ 
nated two must have come from an NTH r group, and the other two 
from a methyl or a benzene nucleus. That the condensation has not 
taken place between two carbon-atoms is also proved by the fact that 
paratoluidine is regenerated on distillation with zinc-dust. The fact 
that the base is capable of combining with hydrogen or bromine indi¬ 
cates the existence of an nnsaturated double union, whilst the in¬ 
stability of the bromine compound (see acetyl-derivative) confirms the 
conclusion that it is carbon and nitrogen that are doubly connected. 
This is only possible on the assumption that the condensation has 
taken place by the removal of the four hydrogen.atoms from an NH. r 
and CH ;r group ; for if the nucleal hydrogen were involved the com¬ 
pound would not be unsaturated, and, moreover, would be scarcely 
likely to give paratoluldine on distillation with zinc-dust. The con¬ 
stitution of the base must, therefore, be represented by the formula 



This formula entirely agrees with all the reactions of the substance, 
and with the fact that analogous compounds can only be obtained 
from primary bases containing methyl; thus aniline, when similarly 
treated, gives diamidodiphenyl sulphide. The great stability of 
dehydrothiotoluidine and its derivatives, and the impossibility of 
removing or displacing the sulphur by ordinary means, appears to be 
due to the presence of a ring of six carbon-atoms, nitrogen and 
sulphur. 

Primuline-hase . 

This compound is formed, together with dehydrothiotoluidine, 
when paratoluidine (2 mols.) is heated with 4 to 5 atoms of sulphur. 
It is also obtained by heating thiotoluidiue or dehydrothiotoluidine 
with more sulphur, and hence these compounds must be interme* 
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diate products in its formation. Pure primuline-base is a bright- 
y el low powder 'which, is nearly insoluble in all solvents. It melts at a 
high temperatui-e. Its salts are dark coloured, and decomposed by 
water, in which they are insoluble. The base is extremely stable—it 
may be heated to above 400° without any decomposition. The 
monosulphonic acid is an orange precipitate, quite insoluble in water. 
Its sodium salt (prmmline) is a bright-yellow powder extremely 
soluble in water. Homologues of primuline-base are obtained by 
heating meta-xylidine (CH 3 : CH 3 : NH S = 1:3:4) and pseudo- 
eumidine with sulphur; the sulphonic acids dye unmordanted cotton 
primrose-yellow in exactly the same way as primuline, but they give 
bluer shades on combination with phenols. 


Constitution of Primuline-base. 

The difficulty of obtaining primuline-base in a perfectly pure state 
has hitherto prevented its composition from being determined with 
certainty, though there is considerable evidence in favour of the 
formula The formation of primuline-base from dehydro- 

thiotoluidine appears to be effected by removal of hydrogen with 
duplication of the molecule, accompanied also with displacement of 
hydrogen by sulphur. The hydrogen is probably removed from an 
NT Hr and a 0H 3 -group, as in the formation of dehydrothiotoluidine 
from thiotoluidine, for the primuline-base appears to contain one 
NHo-group to a C 28 molecule. 

The alkali metric titration of the monosulphonic acid corresponds 
nearly to the formula 028 HnF 4 S 3 *S 0 3 Na ;— 

Calculated for 

C 28 H I7 NA-S0 3 Na. Found, 

Mol. wt.. CM 575 

A sulphur determination in the base crystallised from naphthalene 
gave:—* 

Calculated for 
C 28 H I8 N 4 S 3 . Found. 

S... 18*97 18*1 

Although the data at our disposal are at present quite insufficient 
for a positive determination of the constitution of this compound, I 
consider that the following is very probably the formula, and may 
prove to be correct:— 
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The difference between dehydrotliiotoluidine and its more condensed 
derivative—primiiiine—in the affinity for cotton and tinctorial power 
of the latter, is probably dne to the increase of molecular weight, for 
both these properties are possessed by the dehydrothiotolnidine in an 
incipient state, as is shown by the fact that the quaternary ammonium 
salts are strong colouring matters, whilst the corresponding azo-colours 
have a strong affinity for unmordanted cotton. 

The condensation of paratoluidine by sulphur does not appear to 
come to a stop at primuline-base, but seems to proceed further with 
production of still more complicated compounds of extremely high 
melting point. 

I shall continue the investigation, and hope soon to obtain further 
light on these remarkable reactions. 

In conclusion, I have to express my thanks to Messrs. Brooke, 
Simpson, and Spiller, Ld., in whose laboratory the above investigation 
was performed, and to Mr. F. Evershed for much valuable assistance. 
The sulphur estimations were kindly made by Dr. R, T. Plimpton by 
his new method. 


XXXI .—Contributions to the Knowledge of Citric and Aconitic Acids, 

By Sibnev Skinner, B.A., late Scholar of Christ’s College, Cambridge, 
>nd S. Rbhemann, Ph.D., M.A. 

The compounds formed by the action of aniline on citric and aconitic 
acids have been carefully examined by Pebal (Annalen, 82, 78; 98, 
67). In the first paper he deals with the direct action of aniline on 
citric acid, and describes several of the anilides and anils produced. 
The second paper gives an account of a substance which he calls 
“ Qxycblorcitronsaure ” (chiorocitryl monochloride), from which he 
obtained an aconifcyhderivative by the action of aniline. 

In the course of some experiments, having occasion to prepare the 
chlorocitryl monochloride with the view of testing some results 
previously obtained by one of us, it seemed desirable to submit it to 
a more complete examination, and with this object we have reviewed 
the action of primary monamines on citric acid. 

Pebal’s directions for the preparation of the chlorocitryl mono¬ 
chloride were followed as closely as possible; three equivalents of 
phosphorus pentachloride mixed with one of citric acid (dried at 
130°) were shaken together in a flask; the heat evolved in the 
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reaction caused the mass to become gradually pasty, and, on slightly 
warming, the mixture was transformed into a light-red liquid. 
Overheating on the water-bath must be avoided, or else the colour 
will become dark and decomposition begin. If the light-red liquid 
is poured off from the excess of pentachloride and mixed with dry 
carbon bisulphide, crystalline needles of the citric acid chloride 
separate out in a few minutes. These are collected on a Biter, washed 
with dry carbon bisulphide until they are as free as possible from 
phosphorus oxychloride, pressed, and dried in a vacuum over caustic 
potash and sulphuric acid. 

The chlorocitryl monochloride thus obtained is a hard, white sub¬ 
stance, exhibiting no crystalline structure when dried, insoluble in 
carbon bisulphide, but readily soluble in benzene, and melting at about 
100°. In moist air, it rapidly absorbs water with evolution of hydrogen 
chloride. 

Pebal analysed the substance by an indirect method, and the 
results led him to the conclusion that the formula CiaHaOiaCls (0 = 6, 
0 = 8) best represented its composition. This cannot, however, be 
reconciled with the present view of the constitution of citric acid or 
with the reactions which Pebal attributed to it. Its composition may, 
however, be expressed by the formula C G H G 0 5 Cl 2 , which requires the 
percentage composition — 


C 6 . 72 31*4 

H 6 . 6 2*6 

0 5 ... 80 35*0 

Cl 2 ....... 71 31*0 


229 100*0 

This agrees as well with PehaTs analyses as with ours. We have 
determined the chlorine in several specimens of the product with such 
varied results as 19*92, 21*72, 25*96 per cent., and in a specimen 
recrystallised from benzene without heating, and dried in a vacuum, 
we found 29*6 per cent. This still contained minute traces of phos¬ 
phorus, but was decidedly the purest specimen, and agrees best with 
the assumption that the compound is a chlorocitryl monochloride. As 
the substance could not be obtained pure enough for ultimate analysis, 
it was evident that its composition could only be arrived at by the 
study of its reactions. 

Action of Water on Chlorocitryl Monochloride* 

On addition of water, it readily dissolves if impure, but after 
recrystallisation from benzene it is necessary to Warm slightly before 
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it dissolves. An aqueous solution of the crude substance was evapo¬ 
rated to dryness on a water-bath, and the crystalline residue, which 
was found to be free from chlorine, was shaken with ether. The 
soluble portion left on evaporation of the ether was dissolved in 
alcohol and saturated with hydrogen chloride; on adding water, an 
oil separated, which boiled at about 294°. Analysis proved it to be 
ethyl citrate. 

Found. 

Calculated for I. B. p. 234° 0. II. B. p. 218" a 
C l2 H 20 O 7 . at ordinary pressure, at 75 mm. pressure. 


C........ 52T 52T 51-6 

H. 7-2 7*24 7*2 


The larger portion of the substance wdiich was not taken up by 
ether was recrystallised from water. Analysis of these crystals dried 
in a vacuum gave numbers corresponding with those required for 
citric acid. 

Calculated for' 

C 6 H s 0 7 + EDO. Found, 


C. 34*28 34*6 

H.. 4*76 5*1 


Hence citric acid is the only product of the action of water on 
chlorocitryl mono chloride. 

Action of Seat on Chlorocitryl Monochloride . 

The crude substance when heated to 125° melts and gives off 
hydrogen chloride. The resulting* product w T as dissolved in water, 
the solution evaporated to dryness, and the crystalline residue shaken 
with dry ether. This extracted a crystalline acid, the silver salt of 
which gave on analysis 65*33 per cent, of silver. It is therefore 
silver aconitate, which requires 65*45 per cent. Ag. Hence the action 
of heat on chlorocitryl monochloride results in the formation of 
aconityl chloride, which under the influence of water is transformed 
into aconitic acid. The darkening which, as above mentioned, follows 
prolonged heating in the preparation of chlorocitryl mono chloride, is 
undoubtedly due to a partial change into aconityl chloride, for 
aconitic acid may be readily obtained by the action of water on the 
darkened liquid. 

Action of Aniline on Chlorocitryl Monochloride * 

On the gradual addition of the finely powdered acid chloride to 
aniline, a violent reaction takes place, causing a considerable rise of 
.temperature, and a resinous mass is produced, which melts on heating 1 
; VOL. XV. ^ S : 
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and only partially solidifies on cooling. This contains aconityl anil- 
anilide, which, may be best extracted by first distilling with steam 
to remove the excess of aniline, and subsequently recrystallising the 
solid residue from methylated spirit. The anil-anilide forms small 
needles of a faintly yellow colour, insoluble in water and ether, and 
only slightly soluble in alcohol. It appears to suffer decomposition at 
about 200 °, but for complete fusion requires a higher temperature, 
given as 250° by Michael (Amer. Chem. 9, 192), for a specimen 
■prepared from aconitic acid. 

CO-OH 

The formula C le H u N 2 0 3 - C s H 5 ,N < co .{j. CH 2 .QO.NH-C 6 H 5 r<3 ' 
quires the following numbers:— 



Theory. 

( - 



- ^ 



./ - ^ 

r. 

II. 

hi. 

IV. 

c 18 .... 

.. 216 

70-59 

70-24 

70-30 

— 

— 

Hu .... 

.. 14 

4-57 

4-99 

5-23 

— 

— 

.... 

.. 28 

9*15 

— 

— 

9-24 

9-47 

0 3 . 

.. 48 

15-69 


— 

— 

— 
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This substance was described by Pebal, who prepared it from 
chlorocitryl monochloride, as well as from aconitic acid. It is evident 
that its formation from the former is due to removal of hydrogen 
chloride as aniline hydrochloride, with conversion of the citryl radicle 
into the aconityl radicle. 


Action of Alkalis on Aconityl Anil-anilide. 

Strong or dilute solutions of potassium hydroxide, and even of 
ammonia, decompose aconityl anil-anilide with formation of aniline 
and the salt of an acid. The anilide dissolves in the alkali after slight 
warming, forming a red liquid with a violet fluorescence. On addition 
of dilute mineral acids to the concentrated solution, a precipitate of 
the acid is thrown down; this may be purified by shaking with 
ether, in which it is only sparingly soluble, On evaporating the 
ether, the crystalline acid is left contaminated with a green viscous 
substance; the latter may, however, be readily got rid of by treatment 
with ether, in which it is very easily soluble. The acid crystallises 
from alcohol in rosettes of a faintly yellow colour', which melt at 250° 
with decomposition. 

Analysis proved it to be aconitylanilcarboxylic acid. Its formula, 
C 12 H 9 NO 4 , requires— 

Found, 





r *— 

I, 


6*83 


It 

6*27 


Calculated. 

r 6*06 
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and tlie following equation represents its formation— 

R H ‘ 00 >F-C 6 H 3 + KHO = fF' C0 >N-CcH 5 + C 6 H 5 OT 2 . 
C— CO C—CO 

CH.-CO-NH-CoHj CH-COOK 

Aconitylanilcarboxylic acid is but sparingly soluble in water. Its 
aqueous solution reddens litmus-paper, and the addition of alkali 
produces a violet fluorescence. With, silver nitrate, the ammonium 
salt of the acid yields a silver salt, which is, however, very unstable, 
and on warming gently deposits a silver mirror. Dried in a vacuum, 
it gave on analysis 31*5 per cent, of silver, whilst C i 2 H 8 Agl ^04 requires 
31*9 per cent. Ag. 

This acid is doubtless identical with the acid prepared by Pebal by 
the action of phosphorus pentachloride on citrylanilcarboxylic acid, 
for it has been shown that phosphorus trichloride when heated with 
ethyl citrate transforms it into ethyl aconitate (Conen, Ber. 9 12, 
1655). Aconitylanilcarboxylic acid is closely related to pyrrol, for 
when distilled with zinc-dust it readily yields a liquid which possesses 
the characteristic odour of pyrrol, and gives a bright scarlet colour to 
a pine-chip moistened with strong hydrochloric acid. 

Action of Orthotoluidine on Ghlorodtryl MonocMoride. 

By using orthotoluidine in place of aniline, we obtain a precisely 
analogous series of derivatives. Thus the product of their direct 
interaction is aconityltoluidtoluidide, a straw-yellow, crystalline sub¬ 
stance melting at 214°, insoluble in water and ether and sparingly 
soluble in alcohol. 

GOGH 

The formula CH3 ‘ C « Hi ‘ ] ^< C Q.Q.Q H;i! .oo-lsrH-0 0 H 1 -CH 3 re( l mres ~ 

Calculated. Found. 

N. 8*38 8*67 

Here again the chlorocitryl radicle has been transformed into the 
aconityl radicle by the removal of hydrogen chloride by the toluidine 
with formation of orthotoluidine hydrochloride, which was identified 
both by its reactions and by analysis. Boiling potassium hydroxide 
solution dissolves aconityltoluidtoluidide, producing a strong violet 
fluorescence. Orthotoluidine is eliminated, and the potassium salt of 
aconityltoluidcarboxylic acid is formed, from which the acid may be 
precipitated by dilute hydrochloric acid. The toluidcarboxylic acid 
is soluble in water, and the addition of alkalis to the solution produces 
a fluorescence similar to that of the corresponding salts of the anil- 
carboxylic acid. 

S 2 : 
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Constitution of Chlorocitryl Monochloride . 

Taking into account the preparation of this substance, and the fact 
tliat analysis indicates that it contains two atoms of chlorine in its 
molecule, it would appear that its constitution might be represented 
by one of the three following formula; :— 

CH 2 -OOC1 CH’COCl CHa-COCl 

(A) OH-O-COCl , (B) O-COCl , (0) C1C-OOOH . 

CH-COOH CH 3 -COOH CH 2 -COOH 


But the formula A, though accounting for the formation of citric 
acid by the action of water, would not readily explain the transfor¬ 
mation into an aeonityl-derivative, and on the other hand the formula 
B, though accounting for the latter fact, could not explain the 
former, as the conversion of aconitic into citric acid by the direct 
action of water has never been observed. Neither can the substance 
be a mixture of A and B, for then the action of water would give 
rise to both aconitic and citric acids, and that of aniline to both citryl 
and aconityl anil-anilides. The formula C alone expresses all the 
reactions that we have observed. 

On heating to a temperature of 125° C., chlorocitryl monochloride 
splits into aconityl chloride and hydrogen chloride. From experi¬ 
ments made on the preparation of ethyl chlorocitrate, we have every 
reason to believe that this substance is formed by the interaction of 
equivalents of phosphorus pentachloride and ethyl citrate, but that 
on distillation in a vacuum it undergoes an analogous decomposition 
into ethyl aconitate and hydrogen chloride. We have, therefore, 
sufficient evidence that one of the chlorine-atoms of chlorocitryl 
monochloride is substituted for the alcoholic hydroxyl iu citric acid, 
but it is not easy to ascertain which of the three acid hydroxyls is 
displaced by the other chlorine-atom. On treatment with aniline, the 
two unchanged carboxyl-groups first combine with it to form a salt 
which, however, readily loses water and gives rise to an anilide—a 
change which is very characteristic of aconitic, citraconic, itaconic, 
and maleic acids (Michael, Amer. Ghent. «J., 9, 192). The equation 
representing the action of aniline and orthotoluidine on chlorocitryl 
monochloride may be given as follows :— 


Cl*CO*OH 2 

OOOH'6ci*CH 2 *COOH 


+ 4R-NH 3 = RN<y°'n^ 

co-cch 2 -co-nhr 

+ 2RNH..HC1 + 20H 2 . 


The fact of the formation of a pyrrol is a sufficient proof that the 
NB group unitea with the carbon-atoms of adjacent carboxyls, for 
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if it united with those of the end carboxyls a pyridine-derivative 
would have been formed. Moreover, one of us has already proved 
(Trans., 51, 403) that the primary monamines such as methylamine 
cannot give rise by their action on ethyl acetyl citrate to substituted 
pyridines. The only question, therefore, remaining to he decided is 
whether the ethylene Jinking of the aconityl-gronp is within or with¬ 
out the pyrrol-ring. That is to say, which of the two following 
formulae best represents aconityl anilearboxylic acid :— 

CH-GO CHoyCCL 

A_co >NT - CE s or 6-CO >N,C ^- 
ch 2 -cooh ch-cooh 

That the former is the correct one, results from the following con¬ 
siderations. The equation— 

CH.-CO CH 2 *COGK 

GH*C—CO >NE +■ KHO = OH-CDO-MHR 
ch 2 -co*:nhr OH.-0O-NHR 

represents the general action of potassium hydroxide on eitryl-deri- 
vatives of the formula 

O0-C(OH)-CH 2 ‘CO*MHR 

Thus Pebal shows that citrylanil-anilide gives the potassium salt of 
citrylaianilidocarboxylic acid:— 

CHg-CO CH 2 -CO0K 

OH'C — CO^ 06 - 3 - 5 + 2KOH = OH-C-CO-NH-C s H 5 . 

OH.-CO-]SrHC 6 H 5 OH a -CO-NH-C 6 H 5 

Analogous is the action of potassium hydroxide on the corresponding 
paratolnidine-compound (Grill, Ber 19,2352), on the a- and /3-naphthyl- 
amine-derivatives (Hecht, Ber 19, 2614), and on the ^-cuimdine-com- 
pound (Schneider, Ber., 21, 660). Different, however, is the behaviour 
of aconitylanil-anilide towards potassium hydroxide, for in this case 
aniline is eliminated, and there is formed the potassium salt of 
aconitylanilearboxylic acid, whilst, as shown by Pebal, citrylanil- 
carboxylic acid yields, under the influence of potassium hydroxide, 
citrylanilidodicarboxylic acid, 

CHVCO ch 2 -co-mh«o 6 h 5 

OH-C—CO >1Sr ‘ Cs:Er6 + 2KOH = OH-O-OOOK + H 2 0. 
chvcooh ch.-cook 

This difference in behaviour can only be attributed to the ethylene 
linking of aconitic acid. 
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Ethyl aconitate lias been shown by one of us (Ber., 20, 3367) to 
be transformed by ammonia into a pyridine-derivative. The above 
considerations render it probable that in this reaction the ammonium 
salt of an imido-acid is also formed. We are therefore reinvestigating 
this reaction. 

University Laboratory , Cambridge . 


XXXII.— Action of Chloroform and Alcoholic Potash on Hydrazines . 

Part II. 

By S. Buhbmaot, Ph.D., MJL 

In a former communication made to the Society in conjunction with 
W. J. Elliott (Trans., 1888, 850), it has been shown that the action of 
chloroform and alcoholic potash on phenylhydrazine is unlike that 
which takes place with the primary amines of the fatty and aromatic 
series. 

The product of the reaction* when freed from the unaltered base by 
means of dilute sulphuric acid, loses the odour of isonitrile after a 
short time, and is for the most part transformed into a very stable, 
odourless compound, which does not reduce Fehling’s solution. The 
quantity of hydrazine transformed into this substance is, however, 
very small, if the operation is effected in the manner formerly 
described. After various attempts to improve the yield, I found that 
the most successful result was obtained when alcoholic potash was 
added to the solution of the base in chloroform and alcohol, instead of 
(as described in a former paper) adding chloroform to the solution of 
the base in alcoholic potash. 

As already mentioned, a considerable quantity of resinous matter is 
formed in the preparation of this substance ; the further examination 
of this resin shows that it contains a crystalline compound, which is 
very easily soluble in alcohol and ether, and can be extracted with boil¬ 
ing water. The aqueous solution, if decolorised by boiling with animal 
charcoal, yields colourless plates on cooling ; these melt at 144°, and 
reduce Fehling’s solution. This substance is formylphenylhydrazine, 
as in fact was found by a comparison with the product obtained by 
F, Just’s method (Ben, 19, 1201), and by a nitrogen determination, 
which gave— 

Theory for 

C 6 H 5 *NH*NH-OHO. Found. 

‘ X... 20*59 - ^ ' , 20*69 ' - 
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Tlie formation of this compound in the isonitrile reaction is interest¬ 
ing, as rendering it probable that the isonitriles formed by the action 
of chloroform and alcoholic potash on primary amines arise in a 
similar manner, as the former split up under the influence of mineral 
acids. The reason why formanilide and its horuologues have not heen 
observed in this reaction is that they are readily attacked by chloro¬ 
form and alcoholic potash. Indeed, on adding these reagents to a 
solution of formanilide, phenyl isocyanide is at once produced; the 
corresponding formyl compounds of phenylhydrazine and paratolyl- 
hydrazine, however, were found to be much more stable. 

In a former communication it was shown that the compound melting 
at 180°, which is produced along with formylphenylhydrazine, has the 
formula CuH^NT*. This was derived from analysis, from the deter¬ 
mination of the molecular weight, and from the composition of the 
nitro-derivative and sulphonic acid produced from it. Its probable 


constitution has been expressed by the formula 


asyira-iNio 

CoH-NH-NIO 


closer study of the behaviour of this substance led, however, to the 
conclusion that it is a tertiary base. The formation of a basic product 
from 2 mols. of the hypothetical isonitrile, C 6 H 5 *NH*H:C, may be 
simply interpreted as follows :— 


CoHs-Nh/^C 




nh-c 6 h 5 


c 6 h 5 ' 

HC 


■n/Sch 


Vic/ 


n*o 6 k 5 


The two molecules condense directly to a ring in a way similar to 
the condensation of 2 mols. of a-ketonamines or a-ketonanilides in 
the formation of aldines, with the difference that in this latter case 
the condensation is accompanied by a splitting off of 2 mols. of 
water. A compound of the constitution given above is to be regarded 

OTT»lSj TT 

as a derivative of the type a containing four 

nitrogen-atoms and two carbon-atoms, which may be called, according 
to Widmann’s proposal (J. pr. OJiem N.P., 38, 185), ietrazine. 

Compounds which may he regarded as derived from a nucleus 
consisting of four nitrogen- and two carbon-atoms are already known. 
These are the bodies produced by v. Pechmann (Ber,, 21, 2751) by 
the oxidation of the osazones of 1.2 diketone compounds, and called 
by him osoteirazones . These substances are coloured, neutral com¬ 
pounds, easily reconverted by the action of reducing agents into the 
osazones from which they were formed. 

Quite different, however, is the behaviour of the representative of 
the tetrazines produced from phenylhydrazine in the isonitrile reac- 
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tion, and this also confirms the view of its constitution expressed 
above. 

Di'phenyltetrazine , is dissolved with difficulty by boiling 

hydrochloric acid, and the solution, on cooling, deposits long, white 
needles of the hydrochloride, which may also be prepared by passing 
hydrogen chloride Into an ethereal solution of the base. This salt is, 
however, not very stable; when boiled with water or dried at 100°, it 
splits into its components, base and acid; alcohol readily dissolves it, 
but, on boiling, the same decomposition seems to take place. 

The analysis of the salt, dried over sulphuric acid and potassium 
hydroxide, gave numbers which correspond to the formula 
OuHttN^HOl:— 

Calculated. Found. 


Cl.. 13*027 12*74 

IT. 20*55 20*90, 


The hydrochloride forms a double salt with platinic chloride, which 
may best be prepared by adding a concentrated solution of the metallic 
chloride to the slightly warmed solution of the base in alcohol and 
hydrochloric acid. After a few minutes the double salt crystallises 
out in yellow plates, which are washed with alcohol and dried at 100°. 

Analysis of it led to the formula (CuHjsN^HsPtCls- 

Found. 

-A-, 

Calculated. I. II. III. IV. 


Pt. 22*055 22*21 22*11 — — 

N ........... 12*70 — — 13*18 12*91 


This platinum salt is sparingly soluble in alcohol, and crystallises 
from it in yellow, glittering plates, which decompose about 300°. 

The formation of a hydrochloride and of a platinochloride shows 
that diphenyltetrazine is a weak base, and its behaviour towards sul¬ 
phuric acid characterises it as such. For the base is dissolved by 
boiling with dilute sulphuric acid, and, on cooling, deposits long* 
whit© needles of the sulphate, which may also be prepared by adding 
the dilute acid to an ethereal solution of the base. The sulphate is, 
however, only stable in the presence of the free acid, and dissociates 
‘ completely on washing with water. 

Light is thrown on the nature of this base by the facts that it is 
indifferent towards nitrous acid and that it is not altered by boiling 
with acetyl chloride or with acetic anhydride, for it thus exhibits the 
characters of a tertiary base. The same conclusion follows also from 
the formation of an ammonium iodide produced by the 
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Action of Methyl Iodide on Diphenyltetrazine. 

The base was heated in a sealed tube with methyl iodide in the 
presence of methyl alcohol for a few hours at a temperature of 100°; 
the contents of the tube were then evaporated to dryness on the 
water-bath, and the residue boiled with water, in which it is readily 
soluble. On cooling, yellow needles crystallise out, which melt at 
214°, and are easily soluble in alcohol. Analysis of this substance 
dried at 100° proved it to be an ammonium compound the methiodide 
of diphenylietrazine. 

The formula requires— 

Calculated. Pound. 

I . 14-814 14-96 

N.. 33*60 33*71 

On adding silver chloride to a boiling aqueous solution of the 
iodide, silver iodide is at once formed, and the solution contains the 
organic ammonium chloride. On concentration, this crystallises in 
silky needles which melt at 244°, and are more soluble in water than 
the corresponding iodide. 

A nitrogen determination proved it to have the formula 

OuH l2 N 4 ,CH 3 CL 

Calculated. Found. 

hr . 19*55 19*72 

With platinic chloride, the aqueous solution of the chloride yields 
a light yellow, crystalline precipitate, which is nearly insoluble in 
water. 

The salt dried at 100° has the composition 2CH 3 C1),PtCl 4 . 


Calculated. Found. 

Pt.'. 21-376 21-35 

hi. 12*31 12*57 


The above described, experiments afford, I think, a sufficient proof 
of the view that the compound formed from phenylhydrazine, in the 
manner stated above, is without doubt diphenyltetrazine. 

The remarkable stability which this substance exhibits towards 
hydrochloric acid and alcoholic potash, as was mentioned in the first 
note (Iqg* cii .), shows itself also towards reducing agents. It may be 
boiled in alcoholic solutions with tin and hydrochloric acid without 
suffering any change ; even that reducing agent, sodium and alcohol, 
which has so often rendered good service, has here hardly any action. 
By using amyl alcohol and sodium, some ammonia is, indeed, given 
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off, but the bulk o£ the substance remains unaltered. Bromine, how¬ 
ever, acts very readily on the base, and leads to various 


Bromine-derivatives of Dipheny Itetrasine* 

On adding bromine to a solution of the base in glacial acetic acid, 
there is at once formed a nearly white precipitate, consisting of one 
or more bromine substitution-products. I have repeatedly carried out 
this operation, but with varying results, owing to the varying 
quantity of bromine used and to the concentration of the solution, 
but I have not yet found the proper conditions for the preparation of 
the one or the other, as I had not the necessary quantity of material 
at my disposal. In one operation, using a considerable excess of 
bromine, a precipitate was formed consisting for the most part of 
tribromodiphemjUetmzine, as is shown by the following analyses of the 
product recrystallised from glacial acetic acid. 

The formula OuHaBrsN^ requires— 

Theory* Found. 


Br... 5074 50*40 

1ST.. 11*84 11*97 


This compound is sparingly soluble in boiling alcohol, but is readily 
dissolved by boiling glacial acetic acid, from which it crystallises on 
cooling in white needles which decompose at about 224°. When, 
however, more dilute solutions and a limited amount of bromine are 
used, the precipitate formed consists, for the most part, of a dibromo- 
derivative mixed with some of the tribromodiphenyltetrazine, as indi¬ 
cated by the analysis of the product recrystallised from glacial acetic 
acid, which gave 14'28 per cent, of nitrogen and 42’4Q (42*24) per 
cent, of bromine, while the formula C u Hk,B rJNT* requires 14*21 per 
cent. hT and 40*6 per cent. Br. 

Even a monobromo-derivative is produced under certain con¬ 
ditions by the action of bromine on acetic acid solution of the base; 
this was extracted from the precipitate by hot alcohol, and re¬ 
peatedly crystallised from the same solvent. Its melting point was 
219—220°, and on analysis it gave 1770 per cent, nitrogen, whilst 
ChHuBuN* requires 17*95 per cent. N. 


A compound of the constitution 


c 6 H 5 *3Sf 4 hr:oH 

h6:n-n-c 6 h s 


would give rise 


to three different series of bromine-derivatives, according as the sub¬ 
stitution takes place in the phenyl-groups or in the tetrazine nucleus, 
or, lastly, in both at the same time. The precipitate produced by the 
addition of bromine to the base dissolved in acetic acid, j consists 
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most probably of compounds which are substituted in the benzene 
residues of dipbenyltetrazine—their melting points being above 200°. 

Besides the substances above mentioned, however, another com¬ 
pound is produced at the same time; this is always formed by acting 
with bromine on the base, either in dilute or in concentrated acetic 
acid solution. This brominated derivative remains dissolved in the 
glacial acetic acid, and is thrown down by water as a brown precipi¬ 
tate, which is easily soluble in alcohol, and crystallises from dilute 
methylated spirit in faintly coloured needles which melt at 131°. 
Analysis proved it to be a diphenyldibromotetrazine. 

Its formula CuHioBraN* requires— 

Found. 


Theory. I. II. IIL 

C. 42*64 43*00 42*48 — 

H.. 2*54 3*44 3*20 — 

1ST. 14*21 ' — — 14*33 


The difference between the properties of this compound and those 
of the others renders it most probable that this has the constitution 
C 6 H 5 *]Sr*]N:CBr 
BrC:N-Ao 6 H 6 ‘ 

The remarkable formation of a very stable compound by the action 
of chloroform and alcoholic potash on phenylhydrazine led me to 
repeat this reaction with other hydrazines, in order to determine 
whether they give rise to analogous compounds. I have as yet only 
studied the 

Action of Chloroform and Alcoholic Potash on ParcttolyIhydmzine. 

The operations were conducted in the manner described above, 
namely, alcoholic potash was gradually added to the solution of the 
hydrazine in chloroform and alcohol, the product diluted with water, 
shaken with ether, the unaltered base removed by means of dilute 
sulphuric acid, and the ethereal solution evaporated. The residue, 
which is an odourless oil, partially solidifies after a short time. The 
mass of crystals was then washed with methylated spirit and dis¬ 
solved in hot alcohol, and the solution decolorised by boiling with 
animal charcoal; on cooling, it deposited faintly yellow plates, which 
melt at 185°. They are less soluble in alcohol than diphenyltetrazine, 
although easily soluble in glacial acetic acid. 

The results of analysis, the molecular weight determinations, and 
the chemical behaviour, show that this compound has a constitution 
analogous to that of the body formed from phenylhydrazine. It is, 
therefore, to be regarded &s paraditolyltetrazine. 
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Its formula, CH 3 -0 6 H 4 -N'<^^>]Sr-C 6 H 4 -CH3, requires the follow¬ 
ing values:— 


Found. 


Theory fox* < ——r"— 

C 16 H 16 N 4 . I. II. 

C .. 72*72 72*55 — 

H.. 6*06 6*70 — 

1ST.. 21*21 — 21*24 


The molecular weight of this substance was determined, by Raoult’s 
method, with the following result:— 


Weight of substance.. 0*3424 gram, 

„ acetic acid . 26*2025 „ 

Freezing point of acetic acid .... 11*31° 0. 

,, of mixture . 11*12° 0. 

Depression of freezing point. 0*19° C. 

Molecular weight derived from the 

above data ..;. 269 

Theory for Ci 6 H 16 ]N 4 ... 264 


Besides this substance there is also produced formylparatolyl- 
hydrazine, the formation of which corresponds to that observed in the 
case of phenylhydrazine. This compound is contained in the alcoholic 
filtrate from the substance C I6 H 16 N 4 , and can be extracted by boiling 
water from the resin which is left behind when the filtrate is evapo¬ 
rated. The aqueous solution, after decolorisation, deposits white 
plates which melt at 164°, and on analysis proved to be formylpara- 
tolylhydrazine. The following numbers correspond to its formula, 
CH 3 *CoH 4 *NH*NH«CHO :— 


Found. 

Theory for — A -^ 

C 8 H 10 N 2 O. I. XL 

C. 64*00 64*10 — 

H. 6*70 7*20 — 

¥. 18*67 — 18*84 


This substance was also prepared by heating formamide with para- 
tolylhydrazine in an oil-bath at a temperature of 130°, until ammonia 
ceased to be evolved. The resulting solid mass was recrystallised 
from water, when crystals were obtained which had the same melting 
point as the substance formed in the isonitrile reaction, and gave, on 
analysis, 18*80 per cent, nitrogen. 

Eormylparatolylhydrazine is very soluble in alcohol, sparingly in cold 
water, and in benzene or chloroform, and less soluble in boiling water 
than formylphenylhydrazine. 
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I am at present engaged in the further study of the two tetrazines 
described above, and intend also to extend the investigation of the 
action of chloroform and alcoholic potash to other hydrazines. 

In conclusion, I may add that the formation of the formyl-deriva¬ 
tives of the hydrazines in this reaction led me to make some experi¬ 
ments with the view of producing the tetrazines from them by 
splitting off "water, but as yet I have not been able to effect this 
reaction in a simple manner. I am still, however, working in this 
direction, and hope to be able to communicate to the Society satis¬ 
factory results. 

University Laboratory , 

Cambridge. 



ANNUAL GENERAL MEETING, 


Maa-ola 21st, 1889. 

W. Crookes, F.R.S., President, in the Cliair. 

The pleasant duty again devolves on me to present to you the 
annual report on the state of the Chemical Society during the twelve 
months just past. 

The following tabular statement shows the numerical position of 


the Society:— 

Number of Pellows (March 28th, 1888) . 1884 

Since elected and paid admission fees...* * * 140 

1674 

Deceased. 28 

Withdrawn. 16 

Removed on account of arrears . 21 

— 60 


Present number of Fellows ... 1614 

Increase ... 80 

Number of Foreign Members. 37 

Deceased (Professor H, Debray)... 1 

Present number of Foreign Members. 36 


Our losses from death include several well-known names. They 
are on the home list:—Professor Brazier, John Collins, R. Cartmell, 
J. J. Coleman, W. F. Donkin, H. C. Foote, Peter Griess, A, N. Gow, 
John Horsley, J. M. Kavanagh, J. D. Perrins, Dr. David Price, F, G. 
Ree, J, Robinson, W. 0. Senier, J. Denham Smith, J. Storey, James 
Taylor, J. S. Topham, Thomas Ward, Dr. W. Wallace, G. J. Wishart, 
John Williams. And one Foreign Member, Professor H. Debray. 

Withdrawn:—R. Byramjee, C. B. Caswell, Dr, E, A. Cook, R. 
Coulthard, P. N. Datta, Charles E. Ellis, F. A. Genth, Jtm,, C, H. 
Gimingham, Andrew Hende^tmf^dward Hunter, W. J. Noble, 
Walter Pearce, Dr. B. W. Richardson^ J, P. Smith, Ed. S. Spalding, 
and Oswald Wilkinson. 
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Removals on account of non-payment of subscriptions :—J. B. 
Bardsley, William Bedford, R. Gr. Blaine, Professor A. C, Dixon, 
A. E. Drinkwater, U. K. Dutt, Rev. W. H. Bley, E. H. Farmer, 
W, B. Fremersdorff, E. G-. Holmes, J. J, Kniglit, J. L. Muspratt, 
Robert Marr, S. R. Pontifex, Thomas Perry, R. H. Ridout, Gr. H. 
Rutter, W. Robinson, Branz Rindskopf, B. M. Sexton, and J. W. 
Stevens. 

In the year 1888, there were 75 original papers published in the 
Journal, occupying 895 pages, as compared with 88 papers of 871 pages 
in 1887. The Abstracts in 1888 occupy 1351 pages, compared with 
1159 in 1887. The number of Abstracts is 2470 compared with 
2277 in 1887. 

103 papers have been communicated to the Society this session. 
Several of these papers were published in full in the Proceedings, 
and Abstracts of all have also there been given. 

The Proceedings of the Chemical Society, appearing as it does soon 
after each evening meeting, is valuable as affording country members 
a rapid and trustworthy account of what goes on at our Society, and 
has now taken a well established position as an independent publica¬ 
tion. 

Our Library continues to increase, and every year becomes richer 
in rare volumes and books of reference. The duplicate library for 
lending is also becoming increasingly useful. The following table 
show r s the present state of our shelves ;—- 



March 31st, 
1888. 

Addition in 
1888-89. 

Present 

State. 

Volumes of systematic works. 

• 2,780 

142 

2,922 
! 5,474 

Volumes of journals.. 

5,119 

355* 

Volumes of duplicate journals for cir¬ 
culation. 

941 

143f 

i 1,084 

Pamphlets ...... - 

1,410 

16 

1,426 


10,250 1 

656 

10,906 


The expenditure under this head for the current year is £308 5s. 6d. 
The following table shows the position of the Journal during the 
past year, as compared with the previous four years :— 

* Including 170 vols. Dingier's Polytechmches Journal , 
f Including 95 vols. Dingier 1 s Polgteclmisches Journal, 
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1884. 

1885. 

1886. 

1887. 

1888. 

General ancl Physical Chemistry.. 

237 

331 

235 J 

271 

340 

Inorganic Chemistry... 

189 

191 

'223 

242 I 

216 

Mineralogical Chemistry... 

Organic Chemistry... 

192 

201 

223 

ISO 

171 

939 

1047 

1056 1 

1045 

10S8 

Physiological Chemistry.... 

Chemistry of Vegetable Physio¬ 

118 

142 

100 

100 

153 

logy ancl Agriculture... 

324 

218 

160 

123 

170 

Analytical Chemistry.. 

256 

337 

289 

316 

332 

Technical Chemistry. 

286 

280 

66 # 

— 

— 

Total.. 

2541 

2747 

2352 

2277 

2470 i 

Papers in Transactions.......... 

57. 

85. 

85. 

88. 

75. 


1 must now ask your attention to an event of which none of you 
can be ignorant, which, though not exclusively relating to chemistry, 
bears closely upon it and upon the future of British science. I refer 
to the protest against the examination system in education which 
appeared in November last. That protest had long been in the air. 
For years past men who take the trouble to observe and to reflect 
have come to the conclusion that competitive examination is injurious 
to the individual, injurious to the race, and that it starves original 
research at the very root. They have convinced themselves that if we 
flag'in scientific investigation, that if a large ancl increasing propor¬ 
tion of professorships and of leading positions in industrial establish¬ 
ments, both in the home kingdom and in the colonies, are filled by 
aliens, the fault lies mainly with our educational system. Men trained 
chiefly to pass examinations either in theoretical or practical depart¬ 
ments cannot equal those who have been schooled in actual research, 
trained to accurately observe and draw correct inferences from facts. 
All the earlier protests were desultory, and calculated to produce no 
lasting impression; but the recent manifesto is the expression of the 
collective opinion of many earnest representative men and women. 
Hence it cannot be slighted as the mere outcry of a faction, a sect, a 
school, or an interest. 

A most satisfactory feature is the adhesion to the protest of men 
who formerly were in favour of competitive examination as the test 
for entrance into the civil or military service of the State. Professor 
Max Miiller, of Oxford, frankly admits he now considers competition 
to be a mistake, ancl avers that the failure springs not only from the 
maimer in which the system has been worked, but is involved in its 
very nature. But if this protest is to avail it must be energetically 

# The Technical Division was discontinued after the April number, 1886. 
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followed up, for I must repeat what I Lave before declared, that 
the position of science in Britain is far from satisfactory. 

Though the immber of articles devoted to research in German 
transactions and journals exceeds those in our own publications, 
we must remember that the population of the German Empire is 
greater than that of the United Kingdom by at least one-fourth; 
further, that the savants of Bussia, of the Austrian Empire, of 
Switzerland, of Holland, and Scandinavia largely select German 
journals as their medium of publication. Hot a few English and 
American scientific men follow the same course. Hence, as regards 
quantity, our share in the world’s scientific wmrk is more considerable 
than appears at the first glance. Further, I think that if deficient in 
quantity English research excels in quality. If we do less detailed 
work we furnish a larger proportion of generalisations and laws than 
most of our rivals. As the discoverers of laws and g*eneralisations, 
Black, Boyle, Dalton, Faraday, Graham, Joule, Newton, Wollaston, and 
Young are household words in the laboratory—yet none of these men 
were the products of the examination system. 

There is another evil against which I must strongly protest. I 
refer to the system of “ sealed papers.” Everyone knows that on 
the Continent, more especially in France, it is common for anyone 
who has, as he thinks, approached the solution of some important 
question, to deposit a sealed sketch of his incomplete results with 
the President or Secretary of some learned society. The sketch may 
lie perdu for years, until the author requests it may be opened and 
read before tbe Society. The practice arose from a desire that the 
author’s priority should be guaranteed against others who might lay 
claim to his ideas. But priority can be quite as effectually secured 
by a brief preliminary notice read before some Society or sent 
to some journal, the author thus reserving to himself the further 
investigation of the subject. Among men of honour such reserva¬ 
tions are invariably respected. But the “sealed paper” system 
lends itself to something which borders unpleasantly upon fraud. 

Suppose an investigator takes up some question, sees that it admits 
of two or more solutions, or that various hypotheses present them¬ 
selves to him as possible. To work out the matter conclusively 
might require much time and trouble. He therefore writes out each 
hypothesis, and incloses them separately in “ sealed papers ” duly 
numbered, carefully retaining copies. In process of time, some other 
investigator, ignorant of what the first author has done, takes up the 
subject and works out one of these hypotheses to demonstration. So 
soon as his supplementary memoir is before the world, the first in¬ 
vestigator requests that the “sealed paper ” No. 2 or No. 3 he opened 
and read. The new theory, laboriously considered and worked out, 

' YQL. LV. T 
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is found to have been anticipated, and the man who has really done 
the work is robbed of much of his credit. The seeming anticipator 
says nothing about the contents of other “ sealed papers,” in which 
he has proposed totally different hypotheses ; these he now leaves to 
oblivion. 

I think the Fellows of our Society will agree with me that a 
system which thus enables a man to reap the fruit of another man’s 
experiments does not deserve to be naturalised in England. 

There is a further abnse to which attention may usefully be drawn. 

It sometimes happens that a man of science will send an account of 
researches he has completed to two journals simultaneously, English 
or foreign, leaving each editor under the impression that he is the sole: 
recipient of the communication. Or, still worse, a man reads a paper 1 
before our Society and sends it to some foreign journal, so that it \ 
may figure in print before it appears in the Society’s Transactions. j 

To this subject I felt compelled to refer when I had the honour of j 
addressing you last year. And you are now aware, yonr Council has ( 
resolved that no memoir be published which has previously appeared f 
in a foreign journal unless specially recommended by the Publication j 
Committee and approved by the Council. The reasons for this I 
resolution are not hard to seek. Not merely is the reputation of 
the Society, as the original channel of the researches in question,/ 
imperilled, or at least obscured, but a serious waste of time andi 
labour is indicted upon anyone who needs to read up the literature 
of the subject. We, in England, are by no means the only sinneirs 
this respect. It often happens that memoirs which have "been tread 
before the Paris Academy of Sciences reappear as “ original matter ” 
in certain French journals. t 

I cannot pass over a discovery made this season by Dr. Kriiss con¬ 
cerning nickel and cobalt. As at first reported, it seemed that these 
two metals might be eliminated from our text-books, and that two 
or three new substances would take their place. Had this been the 
case it would undoubtedly have been one of the greatest steps in joire 
chemistry taken this century. It now appears that each of thegwo 
metals contains a common impurity which Dr. Kriiss has been,! he 
first to detect and isolate. Nickel and cobalt thus purified wm' 11 !aill 
retain their individuality, though their accepted properties, phy Deal 
and chemical, will need careful revision. gs , 

In any case the discovery is most instructive, warning us /tiw 
careful we should be to have firm ground under our feet. ^ i s 
almost humiliating that two mefcals which have been subject! to 
infinite research and scrutiny, should now be found to contain sbh a 
proportion of unsuspected impurity. | 

/ ' You are aware that at the ballots for the election of JPellbaAaif ' 
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an hour or more of valuable time is thus spent in a manner win*eh, 
to saj the least, is not very interesting. An attempt has been made 
to save time by taking the ballot in the library, after the meeting, 
but so many Fellows leave before the end of the meeting that the 
number remaining has not been found sufficient to meet the require- 
ment of the bye-laws. Your Council have from time to time had 
this matter under disenssion, and at their last meeting, on the 21st 
inst., it was resolved “ That in future the balloting for Fellows be 
conducted by means of papers. 5> The best manner of carrying out 
this resolution will be a subject for future arrangement. 

A posthumous memoir on the compressibility of hydrogen, by the 
late Professor Wroblewski, reminds ns of the sad and untimely 
death of this meritorious and distinguished worker in physical 
chemistry. His death, as most of us doubtless are aware, was due 
to the frightful burns which he i^eceived from the overturning or 
explosion of a paraffin lamp. In the memoir in question, Professor 
Wroblewski treats of the compressibility of hydrogen at 99°, at 0°, 
at —103*5° (boiling point of ethylene), and at —182*4° (boiling 
point of oxygen), for pressures ranging from 1 to 70 atmospheres, 
Prom the results, the following data were calculated:—Critical 
temperature, —240°; critical pressure, 18*3 atmospheres; critical 
volume, 0*00335. Hence it appears very doubtful whether M. Pictet 
or M. Cailletefc really succeeded in liquefying hydrogen. 

Last year I had the pleasure to announce that one of our Fel¬ 
lows, Mr. Hewlands, had received the “ Davy Medal ” of the Royal 
Society for his splendid discovery of the Periodic Law of the Chemh 
cal Elements. I may also be allowed to state that to me, yonr 
President, the Royal Society has likewise awarded the same dis¬ 
tinction for my Researches on the Behaviour of Substances under 
the influence of the Electric Discharge in a High Vacuum, with 
especial reference to their Spectroscopic Reactions. 

Hence it has been suggested that I might not unprofitably claim 
your attention this evening for a history of the so-called rare earths, 
as they have been brought to light and discriminated by the aid of 
the spectroscope. 

If I name the spectroscope as the most important scientific inven¬ 
tion of the latter half of this century, I shall not fear to be accused 
of exaggeration. Photography has rendered vast services in record¬ 
ing astronomical and biological phenomena, and it even supplies us 
with indirect means of studying ray vibrations to which the human 
retina does not respond. The electro-acoustic devices of Edison and 
his co-workers permit almost magical communication between human 
beings, Ruhmkorffs coil and the Greissler tube have rendered 
notable service in physical investigation; and the electric lamp 
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promises to aid in exploring the internal parts of living animals as 
well as in studying the organic forms of the deep sea. But in the 
spectroscope we possess a power that enables us to peer into the very 
heart of Nature. In the extent of its grasp and the varied character 
of its applicability it surpasses the telescope, and at least rivals the 
microscope. It enables the astronomer to defy immeasurable dis¬ 
tance, and to study the physical condition and the chemical composi¬ 
tion of the sun and the stars as if they were within touch, and even 
to ascertain the direction of their movements. 

Without attempting to discuss the import of the results thus 
gained—which would lead us too far—I may point out that they 
overthrow a dogma concerning the classification of the sciences. It 
has been said that the simpler and more general sciences lend both 
doctrines and methods to the more complex and less general sciences, 
and that the latter give nothing in return. But we now see 
chemistry endowing astronomy with an original and fruitful method 
of research. 

Turning to the very opposite extremity of the scientific hierarchy 
we find that to the biologist the spectroscope is of value in studying 
the relations of animal and vegetable fluids, and even of certain 
tissues. But this wonderful instrument is clearly destined to play 
its chief part in what is called terrestrial chemistry—the field where 
it has won the most signal triumphs. 

It must be remarked, despite this vast range of applicability, a 
range sweeping through the whole universe and embracing all the 
four elements of antiquity; and despite the astonishing results 
already achieved and the prospect of greater revelations to come, that 
the spectroscope is still inadequately appreciated by professed men of 
science, and in consequence is to a great extent ignored by the 
“educated and intelligent public.” In urging its more thorough 
recognition I do not advocate the formation of spectroscopic societies 
for the fragmentary study of everything that can be observed with a 
spectroscope. But I recommend researching chemists to appeal to 
this instrument wherever requisite and possible. 

An elaborate spectroscopic study of the basic constituents of rare 
minerals from different localities would be of great value, and I 
would suggest that on all possible occasions meteorites should be sub¬ 
mitted to careful spectroscopic analysis. 

I do not propose to discuss all the splendid achievements of the 
spectroscope in chemistry; nor its applications in ordinary analysis, 
qualitative and quantitative ; nor the conduct of technical operations, 
such as the Bessemer process. I confine myself to the light thrown 
by the spectroscope upon the nature and the relations of our elements, 
real or 'supposed. 
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Though systematically employed "by few experimentalists* the 
spectroscope has already led to the discovery of several hitherto 
unknown, elements. In the early days of spectrum analysis attention 
was mainly concentrated on the flame spectra : that 'is* the bodies in 
question were vaporised and rendered luminous by the action of a 
flame, such as that of the Bunsen burner or of the oxy hydrogen jet. 
This procedure in the hands of Bunsen and Kirchhoff gave ns ccesium 
and rubidium ; afterwards in my own hands, thallium; and in those 
of Reich and Richter, indium. 

Then followed the production and examination of spark-spectra. 
The spark produced by means of the induction coil, especially when 
its energy is reinforced by the intercalation of a Leyden jar, volati¬ 
lises and renders luminous minute portions of matter, solid, liquid, or 
gaseous, which may then be examined by the spectroscope. In this 
manner gallium was discovered in 1875 by Lecoq de Boisbaudran. 
In consequence of the sharpness and the well-marked character of 
these spark-spectra they are relied on by chemists as certain proof 
of the identity of any two elements which yield identical spectra. 

NText was introduced the systematic study of the absorption-spectra 
seen when a beam of light is passed through certain transparent 
solids or through solutions of various substances. One of the earliest 
observers in this branch of spectroscopy was Dr. Gladstone, who, in 
1858, read before this Society a paper on the absorption of light by 
various metallic salts, and gave the first description of the absorption- 
spectrum of didymium. This branch of spectroscopy has proved not 
less fruitful in the recognition of new metallic elements. 

In the investigation of the rare earths my principal object has been 
to separate the true from the undemonstrated and spurious, verifying 
the true, rejecting the spurious, and reducing as far as possible the 
number of the doubtful. In the following table I have given a list of 
the so-called “rare elements,” with which for the last seven or eight 
years I have been specially occupied. Column 1 gives the names by 
which they are commonly known. Column 2 gives their atomic 
weights, &e. Column 3 show r s in what manner they come under the 
domain of spectroscopy; and columns 4 and 5 notify the compo¬ 
nents or meta-elements into which some of these bodies have been 
decomposed in 1886 by myself, and in 1887 by Kriiss and Mlsou. 
In the first column I have exercised a judicial leniency in retaining 
candidates, for the sake possibly of old associations, when strict justice 
would have disestablished them. Thus, it may be doubted whether 
decipium, philippium, or gadolinium should have been retained. 
But since doubts have been cast on the integrity of nearly all the 
occupants of this column the line should not be drawn too strictly. 



m 


ANNUAL GENERAL MEETING* 


Table I. 



Atomic -weight of 
metal and for¬ 
mula of oxide. 
'"Neodymium— 
140-3. Nd 2 0 3 . 

Gives spectrum 
by 

Crookes 

(1886). 

Lidymium.< 

Praseodymium— 
143-6. Pr 2 0 3 . 

> Absorption. -| 

r La 

L A=475 


Unnamed. 



Lecipium ...... 



r s$ 

Samarium. 

Lanthanum... 

150-12. Sm-A. - 

138. La»0 3 . 

f Absorption and 
\ phosphorescence. 

Phosphorescence. 

| Ge 

| Or 

L G0 

Erbium........ 

166. Er 2 0 3 . • 

f Absorption and 
l phosphorescence." 

f a 550 

L A 493 

Philippium. 

45-48. PpO. 

Phosphorescence. 


Holmimn. 

— 

Absorption. 

— 

Thulium...... . 

170-7. Xm 2 O s - 

Absorption. 


Dysprosium.... 

— 

Absorption. A 457—448 

(1888) 

Yttrium ....... 

Terbium .. 

88-9. Tt.,0 3 . 

124-7. Ibj0 3 . 

! 

Phosphorescence. *j 

f Ga ■ 

i G p 

! (3rd 
: Qr'C 

L O?;, w 

Gadolinium (Ya) 

— 

Phosphorescence. H 

f G/8 

L G£ 

Ytterbium...... 

173-01. Yb 2 0 3 . 

Phosphorescence, 

Scandium ...... 

44-03. Se»0 3 . 




Component meta-elements 


Nilson and 
Kriiss (1887). 
l)ia 
I)i/3 
Diy 

, Lia 

L Lie 

1 Din 

Li B 
I)u 
Dix 


Sma 

Sm/5 


Era 

Er/3 



Lecoq de 
Boisbaudran. 

Za 

Th 

Yfc 


At first spectroscopic examination was applied directly to sub¬ 
stances, natural or artificial, which had not undergone any special 
preparation. The idea next occurred of attempting to split up 
substances supposed to be simple into heterogeneous constituents 
before appealing to the spectroscope. The refined chemical processes 
used for this operation may be summarised under the name of frac¬ 
tionation, whether they be fractional precipitations, crystallisations, 
or decompositions. The essential principles of this process were so 
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fully discussed on the last occasion when I had the honour of address¬ 
ing you that I need not further allude to them. 

The Didymium Group* 

A combination of such delicate and prolonged chemical processes 
with spectroscopic examination applied to bodies showing* absorption 
spectra soon led to important discoveries. Fig. 1 a* shows what 1 may 
call the normal didymium spectrum, as it was generally recognised 
down to the year 1878. Fig. 1b shows the whole of the absorption- 
bands belonging to bodies subsequently separated from didymium by 
fractionation. When in 1878 the didymium from samarskite ~was 
examined by Delafontaine (Gompt. rend., 87, 632; Ghem. News , 
38, 223) he found it to differ somewhat from ordinary didymium 
as extracted from cerite and gadolinite, and by a series of chemical 
fractionations he succeeded in separating from it an earth which 
he called decipium, giving at least three absorption-bands, one 
having a wave-length of 416 (l/X 3 578) ; another narrower and 
stronger, at wave-length 478 (1/X 2 438), and a very faint “ minimum 
of transmission ” near the limit of the blue and green. JNine months 
later Lecoq de Boisbaudran ( Compt . rend., 89, 212 ; Ghem. Neves , 
40, 99) announced the discovery of samarium as a constituent of the 
didymium from samarskite, giving a drawing of the decipium and 
samarium spectra to a common scale (Fig. 2), from which it is seen 
that samarium is characterised by the bands of Delafontaine’s 
decipium together with two additional hands. Fig. 3 shows the 
samarium spectrum from the latest measurements. 

Still didymium v r as not reduced to its ultimate simplicity* In 
1885 Carl Auer ( Monatsh . Ghem., 6, 477), by fractionally crystal¬ 
lising the mixed nitrates of ammonium, didymium, and lanthanum, 
showed it was thus possible to cleave didymium in a certain direction 
and separate it into two other bodies, one giving green salts and 
the other pink salts. Each of these has a characteristic absorption- 
spectrum, the sum of the two sets of bands approximating to the old 
didymium spectrum. These bodies the discoverer has named re¬ 
spectively praseodymium and neodymium. The neodymium spectrum 
(Fig. 4), according to Auer, consists of the whole of the bands in 
the red, with part of the large one in the yellow; it then misses all 
the green and blue, and takes in the second line in the violet. Fig. 5 
is the spectrum of praseodymium, which I have also taken from 
Auer's description; it takes the other part of the yellow band and all 
the green and blue, except the second blue, which belongs to neo¬ 
dymium. Subtracting these two spectra from the old didymium 

* All the figures are drawn to the 1/A 2 scale. 
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spectrum (Fig, 1) you see there are still two bauds left at X 462 and 
475 (1/A, 2 465 and 443). Assuming that the argument from absorp¬ 
tion-spectra is a legitimate one—and all recent research tends to show 
that if not quite trustworthy it is at all events a weighty one—the 
inference I draw from these results is that the old didymium still 
contains a third body distinct from neo- and prasco-dymhirn, to which 
one or both of these extra hands is due. 

I must venture to lay especial emphasis on the words in a certain 
direction . Didymium in my own laboratory has undergone other 
cleavages, and I have not yet decided whether we shall have to 
recognise further decompositions of neo-dymium and praseo-dyminm, 
or whether the original didymium is capable of being resolved 
differently according to the manner in which it is treated. Keeping 
the hand in the orange always of the same strength, in many of the 
fractions of didymium from different sources the other bands of neo- 
and praseo-dymium are seen to vary from very strong almost to 
obliteration ( Chem. News, 54, 27). In this way I have worked on 
the spectra of didymium from allanite, cerite„ euxenite, fiuocerite, 
gadolinite, hielmite, samarskite, yttrotitanite, &c., and the further I 
carry the examination the more the conclusion is forced upon me that 
didymium must not be regarded as compounded of two elements only, 
but rather as an aggregation of many closely allied bodies. Later 
researches of Kriiss and Nilson have led them to the same conclusion, 

When working in 1886 on the decomposition of the nitrate of 
didymium by heat, I found very decided indications of the possibility 
of depriving didymium of band after band until only the deep line in 
the blue A443 (1/A 2 509*6) is left ( Proc . Iioy. Soc 40, 503). I have 
provisionally named this single band element Da. In this connection 
I would like to draw your attention to a few facts which have very 
recently come to light. 

In some of my fractions of didyminm the band A 475 (1/A 2 443) 
intensifies in company with another band at A 462 (I/A 2 465). 
Fig. 6 shows at A the group of blue bands as they are seen in a 
strong solution of didymium. It forms a well-marked set of four 
comparatively sharp lines, one at A 462 (1/A 2 465) being the faintest. 
Under these lines I show (Fig. 6, B) the same group as seen in 
fractions of the same solution of didymium after disintegration 
lias commenced. This fraction is very similar to AueFs praseo- 
and below this (Fig. 6, 0) I again show the same group as 
seen in the didymium fractions most removed from the one last 
described. Here the two lines A 475 (1/A 2 443) and A 462 (1/A 2 465) 
have become very strong, while, the other two have almost faded 
out. One of these, A 475 (1/A 3 443), is included by Auer in the 
spectrum of his crude didymium, but he makes no further reference 
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to it either in description or diagram. Of these lines, A 462 (1/A 3 645), 
probably belongs to the samarium group, but the other, A 475 
(1/A 3 453), cannot belong to samarium, although it superposes on the 
most refrangible half of the broad and ill-defined samarium band. 

In a paper read before the Royal Society dated June 9, .1886 
( Gomjpt . rend., 102, 1551), I gave an account of some observations I 
had made upon the line A 475 (I/A 2 443), proving that it could he 
separated from the old didymium spectrum, and in conclusion said it 
44 must be regarded as characteristic of a new body.” 

Subsequent to my paper Demai^ay (ibid.) drew attention to 
this line at A 475 (1/A 3 443), and in 1887 (Gomjpt. rend., 104, 580) 
he again returned to the subject, associating the two lines A 475 
(1/A 3 443) and A 462 (1/A 2 465) as being due to the same element. 
With this opinion I cannot yet agree, for in many instances I have 
had fractions in which the relative intensities of the two are widely 
different. More recently Krfiss and Nilson have ascribed this 
line to one of the constituents of Soret’s X or holmium, which 
gives a line falling nearly on the same place ( Ghem . News , 56, 154, 
173). 

By examining the absorption-spectra of solutions of rare earths 
obtained from widely different sources, Krfiss and Xilson (Ber., 
20, Part XII, 2134; and Ghem. News, 50, 74, 85, 135, 145, 
154, 165, 172) came to the conclusion that the elements giving 
absorption-spectra, and known as didymium, samarium, holmium, 
thulium, erbium, and dysprosium, were not homogeneous, but that 
each one contained almost as many separate components as it pro¬ 
duced bands of absorption. 

They have discovered that in didymium obtained from some minerals 
one of the fainter lines of the normal didymium spectrum is strong, 
while others usually stronger are almost or quite absent; results to 
which I shall presently refer will show that this cannot be explained 
by dilution or concentration. In this way, by examining a great 
number of minerals, they found anomalies occurred in the case of 
almost each of the old didymium fines, and therefore decided, as 
above mentioned, that it is a compound body, capable of resolution 
into at least nine separate components. 

Identical arguments are brought forward to prove that each of 
the other so-called elements, samarium, erbium, holmium, thulium, 
dysprosium, &c., are compounds of many closely allied bodies. 

Krfiss and Nilson,/1 believe, are pushing their investigations 
with the object of isolating the separate components of these dif¬ 
ferent earths. They/ however, question the possibility of resolving 
the erbia and didymia earths into their several ultimate constituents 
by a fractionated decomposition of the nitrates. In fact they assert that 
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by means of the methods of separation at present known it would be 
almost impossible to completely isolate any single constituent of the 
mixed earths. They therefore propose, as I had previously done,* a 
method by which we may certainly arrive nearer to the mark and 
dispense with much tedious fractionation. If we examine the minerals 
which contain these rare earths we find they occur in very different 
states of mixture or combination. Sometimes many of the consti¬ 
tuents which w r e wish to separate are conjointly present, and some¬ 
times but few. The desired differentiation, in fact, has already been 
commenced by Nature. Kriiss and Nilson, therefore, whichever ingre¬ 
dient they wish to separate, propose to operate on a mineral which 
contains that ingredient as far as possible in a state of isolation* In 
other words, they will take advantage of the work that Nature has 
already begun, and endeavour by refined chemical means to put the 
last finishing touches to her work. Thus they will be able to work 
with smaller quantities of primary material,—no small consideration 
in the case of some minerals,—and to obtain results in a shorter time. 
How widely the composition of one and the same mineral, as judged 
by our searching physical tests, may vary, will he seen from the 
following instances. Fergusonite from Arendal shows six of the 
bands of holmium, fergusonite from Ytfcerby four, and that from 
Hittero only three. Moreover, the ingredient provisionally called 
Xoc is to he found in the fergusonite from Ytterby, but not in that of 
Arendal and Hittero. 

The foundation for thus firmly declaring what I had previously 
ventured to infer, is the striking differences in the spectra given by 
several specimens of one earth, say diclymium, when obtained from 
different sources. 

We are anxiously waiting the results of this investigation, but 
although the paper quoted was published in July, 1887, no further 
communication has come from these illustrious workers. 

Chemists recently have stated as proof of the existence of new 
elements the fact that certain bands of absorption, as seen in various 
fractions, “ follow the same variations of intensity.” Before deciding 
the question whether didymium is a homogeneous whole, or whether 
an argument in favour of its heterogeneity can be based on the fact 
that the absorption-spectra of didymium. from different minerals 
differ inter se, it was necessary to ascertain if the absorption-bands 
seen in its solutions, whatever the thickness of the layer, whether 
dilute or concentrated, followed the same variations, and also to 
ascertain the nature of these variations. To contribute to this 

i 

# ** Address to the Chemical Section of the British Association, Birmingham 
Meeting” Ckem, News, 54,128. “ On the Fractionation of Ytfcria,” Chem. News, 
54, 157. Nroc, Mog. Soe., 40, 1886, 5o5. 
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inquiry I examined the absorption-spectrum of a solution of neutral 
didymium nitrate containing one part by weight of metal in 10 of 
water, as seen through a series of cells from 1 mm. to 25 mm. in 
thickness. For this work I nsed a new form of binocular spectroscope, 
fitted with a mechanical tracing arrangement, so that each spectrum 
can be automatically mapped on paper strips; from this set of 
tracings I have arranged the diagram (Fig. 7) now before you. It 
represents the bands of the normal didymium spectrum. The figures 
running np the side represent the thickness of the layer of solution 
observed, and they show at a glance the “ life ” of each of the bands. 
At the bottom, 25 mm. thickness, all the known bands are visible, 
and they become fainter and die out in the particular order here 
given, some of them remaining visible almost to the end. For 
instance, almost as long as the deep line in the blue part of the 
spectrum at A 443 (1/A 2 509), my Da, can be distinguished, it is possible 
to see the group of three very narrow ones next to it. Two or three 
other less characteristic bands can be seen only when there is a very 
considerable depth of liquid; thus, the three lines in the red A 636, 
628, 622 (1/A 3 247, 253, 258), cannot be seen distinctly through less 
than 20 mm. of this strength of solution. 

Having ascertained in this series how the spectra varied in appear¬ 
ance with different thicknesses of the same solution (strength 1 of Di 
in 10 of water), I repeated the experiments, keeping the thickness of 
layer of solution constant, and dilating the standard solution of 
didymium so that the rays of light passed through the same quantity 
of metal as in the former series. The results in each case were 
pi*actically identical; the differences being too slight to be detected 
in my apparatus. The spectrum exhibited, for instance, by 1 mm. of 
the standard solution of didymium is found to be identical with the 
spectrum shown by the same solution diluted 20 times and viewed 
through a 20 mm. cell. 

It will be seen that in the case of 1 mm., not only the line in the 
yellow at A 582 (1/A 3 292)^ is to be seen, but also two in the green 
at A 525 (1/A 2 368) and A 510 (1/A 3 382). Therefore, to get a more 
simple spectrum, I diluted the solution to 1 of didymium in 20 of 
liquid. 1 mm. thickness of this shows little else than a broad faint 
trace of the line in the yellow, A 582 (1/A 5 292). 

In the year 1886 (Proc. Boy. Soo 40,502, June 9,1886; Ghem. News, 
54, 27, July 19, 1886) I demonstrated from experiments on the 
fractionation of didymium that this element was very probably a 
compound capable of being resolved into a number of constituents, 
each represented by a single band, like the cases of yttrium and 

# The A and 1 /A 2 lengths given here are only approximate* 
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samarium, which, give bauds by phosphorescence. In Kriiss and 
Nikon’s case, the batch of crude earth contained in any single 
mineral was examined as a whole without any attempt to separate 
the earths, and the composition of some of these minerals is extra¬ 
ordinarily complex, enxenite for example containing, after removal of 
the other metals, the rare bodies Ce, La, Di, Sm, Yt, Er, Tr, Ho, Tm, 
Th, De, Sc, By, Be, Nb, Ta. 

In my own case the didyminm earths, upon which I formed the 
“one band one element” theory ( Chem . News , 54, 27) -were in a 
much more simple state, as the whole of the yttrium group, including 
erbium, hoimium, thulium, &c., and others, had been removed, and 
the earth under examination probably contained little besides 
didyminm and lanthanum, with traces only of samarium, yttrium, 
and calcium. But not even here was the earth under examination in 
a state of even approximate purity. 

There are at least two points in these researches that I must touch, 
since they illustrate the necessity of great caution in drawing 
conclusions from an examination of absorption-spectra. Paul 
Kiesewetter and Kriiss (Per., 21, 2310 ; Chem. News, 58, 75, .91) have 
recently published a paper on this subject, although it goes no further, 
nor indeed so far as the previous communication of Kriiss and 
Nikon. They have examined gadolinite, and find that some con¬ 
stituents of didyminm and satnarium are absent, notably those 
which produce the group of lines in the green to which I have already 
referred. In my own laboratory I have worked for the last two years 
almost exclusively upon the earths from gadolinite—of which 1 have 
obtained a large quantity from Fab km—and there is not the shadow 
of a doubt that in my gadolinite earths the lines reported absent by 
Kiesewetter and Kriiss are present in abundance. 

Some hitherto unexplained condition doubtless rendered these lines 
invisible to Kiesewetter and Kriiss; perhaps the presence of some 
other earths, or some condition of concentration or acidity. In the 
light of this knowledge I do not see how we can take the results 
of Kriiss and Nilson or my own as final. 

Concerning the influence of one body upon another little is yet 
known, but that little is of sufficient importance to make us very 
careful how we interpret absorption-spectra when uncorroborated by 
chemical results. Lecoq de Boisbaudran and Smith have pointed 
out some important modifications produced in absorption-spectra by 
an excess of acid (Compt. rend., 88 , 1167), and later oil Sonet 
(Compt rend., September 15, 1879) veiified these observations. 
Brauner and others have recorded experiments on mixing solutions of 
''didyminm and samarium; they find, in the case of ;a / didyinxurn'',;spla- 
tion;, showing the group of three bands, X 476, 469, 428 (1/A 3 430*4, 
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441*3, 454*6)j that by adding a dilute solution of samarium, all three of 
these bands vanish without any appearance of any of the samarium 
bands, until a certain proportion is reached, when the samarium bands 
gradually come in their place (Brauner, Trans » Ghem . Soc., 1883, 43, 
286). In my own experiments, I find that from a solution of erbia 
which originally shows no trace of the strong didymium band 
lying between A 596 and 572 (1/A 2 281 and 305), appreciable quantities 
of didymium can certainly be squeezed out by fractionation. 

Owing to its complicated nature, Kiesewetter and Kriiss consider 
gladolinite an unfavourable source of didymium for these investiga¬ 
tions, and recommend that a large quantity of earth from keilhauite 
should be systematically worked up, for the reason that keilhauite 
didymium is more simple in constitution. 

The JUrhium Group. 

It is known that a certain oxide, 10 years ago called erhia, and 
regarded as belonging to a simple elementary body, has been resolved 
by the investigations of Delafontaine, Marignac, Soret, Nilson, Gleve, 
Brauner, and others into at least six distinct earths—three of them, 
seandia, ytterbia, and terbia, giving no absorption-spectra, whilst 
others, erbia (new), holmia, and thulia, give absorption-spectra. 

In Fig. 8a I have represented the old erbium absorption-spectrum, 
as it was known down to the year 1878. In Fig. 8b, as in the case 
of didymium, I have given for diagrammatic purposes certain lines 
which, not seen in unfractionated erbia, belong to bodies capable of 
being separated from it by fractionation. 

The first to announce that erbium was not a simple body was 
Delafontaine, wbo in 1878 ( Compt. rend 87, 559; Ghem . News, 38, 
202) published an account of philippium, a yellow* oxide charac¬ 
terised by a strong band in the violet, X 400 to 405 (1/A 3 625, to 
623), a broad, black absorption-band in the indigo-blue, A about 450 
(1/A 3 494), two rather fine bands in the green, and one in the red. 

The history of philippium is curious, and I may perhaps be allowed 
to give it in some detail. A year after Delafontaine’s discovery 
Soret (Compt. rend., 89, 521; Ghem . News, 40, 147) published a 
paper in which he declared that philippia was identical with his 
earth X. The next month, in a note on erhia, Cleve (Compt rend., 
89, 708;' Ghem. News, 40, 224) said he could not identify Soret’s X 
with Delafontaine’s philippia, as the latter was characterised by an 
absorption-band in the blue -which occupied the same place as one of 
, the erbia bands.' In .February, 1880 (Compt. rend., 90, 221 p.'iTkewy*, 
; News, • 41,72),' Delafontaine returned io :; the , subject, : enumerating; 
10 new earths in gadolinite and samarskite, viz., mosandra, philippia, 
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ytterbia, decipia, scandia, holmia, thulia, samaria, and two others 
unnamed. He said that the properties of philippia were those of 
Sorefc’s X and of Cleve’s holmia, and proposed that the name 
“ holmia, 5 ’ being a duplicate name for an already known earth, should 
be discarded in favour of philippia. In July, 1880 (Cornet, rend 91, 
828; Chem. News , 42, 185), Cleve repeated his former statement that 
philippia was not the same body as Soret’s X or holmia. Delafontaine 
next withdrew all he had said about tbe absorption-spectrum of 
philippium, and decided that it had no absorption-spectrum (Archives 
de Geneve [3], 999, 15). Finally, Roscoe {Chem. Soc. 12, 277), 
in an elaborate chemical examination of the earth-metals in samar- 
skite, proved that philippia was a mixture of yttria and terbia. 
From a prolonged chemical study of these earths I have since come 
to a similar conclusion; hut a spectroscopic examination of the earth 
left on igniting some specially purified crystals of “ philippium 
formate ” tested in the radiant matter tube, has shown me that 
in the separation of Delafontaine’s philippium the yttria undergoes a 
partial fractionation, and three of its components or meta-elements, 
Gf, Go, and G/3, are present in great abundance, while othei'S, G ot and 
G-jy, are almost if not quite absent. 

Shortly after the announcement of philippium, Soret (Cornpi. 
rend., 86, 1082) described an earth which he provisionally called 
X. This was soon found to be identical with an earth subsequently 
discovered by Cleve ( Compt rend., 89, 479; Chem. News, 40, 125), 
and called by him holmia. Soret admitted the identity, and agreed 
to adopt Cleve’s name of holmia. Fig. 9 shows the absorption-spec¬ 
trum of X or holmia. It consists of a very strong hand in the 
extreme red, X 804 (1/A 2 155), two characteristic bands in the orange 
and green, X 640 and 536 (1/X 2 244 and 347), besides fainter lines in 
the more refrangible part of the spectrum, and a number of bands in 
the ultra-violet. 

Simultaneously with the discovery of holmia, Cleve announced the 
existence of a second earth from erbia, which he called thulia. Fig. 10 
shows the absorption-spectrum of tliulia. It consists of a very strong 
band in the red, X 680 to 707 (1/X 2 216 to 200), and one in the blue, 
X 464*5 (1/X 2 462). The residual erbia, after separation of these earths, 
gives a simpler absorption-spectrum, shown in Fig. 11. 

In 1886 {Compt rend., 102, 1003, 1005) Lecoq de Boisbaudran 
showed by fractional precipitation of Soret’s X and by spectroscopic 
examination of the simple fractions, that this X, or holmium, con¬ 
sisted of at least two elements, one of which he named dysprosium, 
retaining the name of holmium for the residue left after deducting 
dysprosium. Fig, 11 shows the absorption-spectrum of dysprosium; 
it has four bands, X 451*5, 475, 756*5, 427*5 (1/X 3 490*5, 443,' 175, 
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547). The new holmiiun gives an absorption-spectrum shown in 
Fig. 13. 

As regards dysprosium, I pointed out (Proc. Roy. Soc., 40, 502), 
at the time it was first announced, that I had obtained a solution in 
which one of the bands claimed for dysprosium, the one at A 451*5 
(1/A 2 490*5), was very strong, while the others were absent. As 
M, de Boisbaudran associates the bands at A 475 (1/X 2 443) and 
A 451*5 (1/A 2 490*5) as both belonging to dysprosium, and as I have 
obtained an earth which gives' X 451*5 (1/A 2 490*5) strong with no 
trace of A 475 (1/A 2 443), it is evident that the conclusion I arrived 
at in 1886—that dysprosium itself consisted of at least two simpler 
bodies—is correct. 

The old spectrum of erbium (Fig. 8) shows two faint bands at 
A 550 and A 493 (1/A 2 331 and 409) ; the second being broader than 
the first. These bands do not occur in the spectra of holmium, 
thulium, dysprosium, or the new erbium. In a long-continued frac¬ 
tionation of the erbia group of earths, carried out with an ample supply 
of the old erbia, I find an earth giving these two bands concentrating 
at one end, and the bands become stronger. At the same time two 
other new bands are making their appearance. This, therefore, 
points to the existence of still .another earth belonging to the erbium 
group. 

Incandescence Spectra. 

Another distinct method of spectrum analysis depends on the 
examination of the spectrum of the light emitted by a solid substance 
when raised to incandescence. Almost the only known example of 
this is obtained in the case of erbia (ibid ., 40, 77, January 21, 1886). 
It is scarcely known that if erbia in the solid state is illuminated by 
the electric or other bright light, and examined in the spectroscope, 
it gives a spectrum of black lines and bands as distinct as the 
Frauenhofer lines. The spectrum of bright lines emitted when 
solid erbia is heated to incandescence in the blowpipe flame has been 
more often observed; in this case the lines come out luminous on a 
faintly continuous background, whilst the reflection spectrum just 
mentioned is composed of black lines sharply defined and much more 
luminous, upon a continuous spectrum. Holmia and thulia, compo¬ 
nents of old erbia, possess a similar property (Ghem, Hews, 56, 165). 

Phosphorescence Spectra. 

I will now deal with phosphorescence spectra. TsTot a few chemists 
and physicists, conspicuous among whom is Ed. Becquerel, have 
carefully studied the phenomena of phosphorescence. Phosphor- 
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escence may be excited by elevation of temperature, by mechanical 
action, by electricity, and by exposure to the rays of the sun, and 
the light thus given off—for example, in the case of fluorspar, has 
been examined by means of the spectroscope. In my own spectro¬ 
scopic research I have dealt with the phosphorescence occasioned 
by the impact of the molecules of radiant matter upon certain 
phosphorescent bodies, or what 1 have ventured to call molecular 
bombardment. 

It is not necessary for me to describe the mode of procedure 
further than to say that the substance under examination is placed 
in a very high vacuum—a vacuum which varies in degree in the case 
of certain earths. Fig. 14 shows the form of radiant matter tube 
I prefer. In such a vacuum, when submitted to the action of the 
induction current, substances phosphoresce very differently from 
what they do when treated similarly .at the ordinary pressure of 
the atmosphere. Under such circumstances the spectroscopic ex¬ 
amination of matter affords what I have called the radiant matter 
test. The number of substances which are thus phosphorescent is 
very considerable. Glass of different kinds, according to its com¬ 
position, phosphoresces with various colours. Phenakite (glucinium 
silicate) phosphoresces blue; spodumene (aluminium and lithium 
silicate) gives off a rich golden-yellow light, whilst the emerald 
phosphoresces crimson, and the diamond, being exceptionally sensi¬ 
tive and brilliant, throws off a bright, greenish-white light. 

The ruby, one of the minerals I examined earliest in this manner, 
glows with a rich, brilliant, red tone, quite independent, as regards its 
depth and intensity, of the colour of the stone as seen by daylight; 
the pale, almost colourless specimens, and the highly prized variety 
of the true “pigeon’s blood,” all phosphoresce with substantially the 
same colour. 

There are several varieties of phosphorescence spectra, or rather, 
substances to be submitted to the radiant matter; may he previously 
prepared in divers manner, so as to give modified results. Thus— 

a. An earth alone—of course in the solid state—may be very 
strongly ignited, and, when cold, examined in the radiant matter 
tube. This method differs from the use of the spectrum of incan¬ 
descent solids above noticed, solely in the final test of molecular 
bombardment. Of this variety of phosphorescence spectra, we may 
take, as examples, the phenomena yielded by alumina, yttria, didymia, 
and lanthana. 

, b. Another modification applicable in the treatment of the less 
pure earths takes as material the sulphates of the earths. The sub¬ 
stance under examination is first treated with strong sulphuric acid ; 
the excess of the acid is then removed by heat, and, lastly, the sul- 
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phate is heated to a point just short of driving off all tlie sulphuric 
acid. It is then placed in the radiant matter tube, and when the 
exhaustion has been carried as far as necessary, the induction current 
is passed through (Phil. Trans., Part III, May, 1883). This method 
gives a spectrum of broad bands, easily recognised, but by no means 
easy to measure. The spectroscope used should have a low dispersive 
power, and should not have a very narrow slit. In the case of yttrium 
sulphate the hands are more analogous to the absorption-bands seen in 
solutions of didymium than to the lines given by spark spectra. * If 
examined with a high magnifying power the outlines of the hands 
become less definite. The hands are seen much more sharply when 
the current first passes than after it has been passing for some time 
and the earth has become hot. On cooling, the bands,again appear 
sharply defined. 

This method of observing the constitution of the rare earths, duly 
aided by delicate and prolonged chemical processes, has permitted us 
to push our investigations further than had previously seemed prac¬ 
ticable. It enables ns to determine whether we have reached the end 
of our investigations—a consummation which had hitherto been vainly 
sought. It has enabled us to prove that yttrium, samarium, &c., are 
not simple, homogeneous bodies. But what of the constituents into 
which they have been thus resolved F Suppose we refine them down 
until each displays merely one spectral band—what then ? Is each 
one of such bodies barely differentiated from its neighbours chemi¬ 
cally or physically, entitled to rank as an element P If so, as I pointed 
out in the Address which I had the honour to deliver before you in 
March last, we shall have to deal with further perplexing questions, 
arising in part from the relation of such elements to the periodic 
system. In a discussion of the elements, not as yet published, 
Dr, Wundt maintains that their possible number cannot exceed 79. 
But I myself see no definite and sufficient reason for limitation to 
this number. If these bodies are not elementary, possessing as they 
do the properties commonly regarded as characteristic of an element, 
we must be prepared to show why not ? 

Whatever rank may ultimately be assigned to these substances, 
they must, for convenience sake, have names as soon as our knowledge 
of their properties is in a sufficiently advanced state to allow of their 
removal from the suspense account. 

The Yttrium Group. 

Yttrium—the old yttrium—proves now to be not a simple element, 
but a highly complex substance. I have come to the conclusion 
that it may be split up certainly into five and probably into six con- 

VOL. iy, * t i tr 
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gtlfuents. Its phosphorescence spectrum is shown in Fig. 16, and 
the different bands are designated by certain letters. Fig. 17 shows 
the simple spectra of the separate components into which ytfcria can 
be separated by fractionation. If we take these constituents in the 
order of their approximate basicity—the chemical analogue of refran- 
gibility—the lowest of these constituents gives a deep blue band, Gx ; 
then follows a strong citron band, G H, which increases in sharpness 
until it may be called a line; then a red band, Gf ; then a deeper red. 
band, Gq ; and lastly a close pair of greenish-blue lines, G(3. 
Following these are frequently seen G<?, G7, and GO, the yellow, 
green, and red components of samarium, Fig. 19, 

As the result of many years’ work and several thousand fractiona¬ 
tions of old ytfcria, I exhibit) the series of 19 phosphorescence spectra 
shown on Diagram 28. The centre spectrum, marked J, is approxi¬ 
mately that given by the crude earth, although this differs slightly 
according to the mineral from which it is extracted. After a time, 
fractionation splits the earth J into two earths, I and El, giving 
slightly different spectra. Fractionating I gives H and J, whilst K 
on fractionation yields J and L. The state of separation to which the 
meta-elements of the samarskite earths may be brought after many 
years* work is seen by the series of 19 spectra selected to illustrate the 
progress of the work. It must not, however, be thought that there is 
so great a difference between any two adjacent spectra as is here 
shown. To make the diagram more accurately represent what actually 
occurs in the laboratory it would be necessary to place between each 
of these 19 spectra about 1000 intermediate spectra. 

Beginning at the extreme red it will be seen that a strong band at 
X 647 (1/X 2 269) is of maximum intensity from Gto K, when it rapidly 
disappears and is not seen beyond G and 1ST. The meta-element giving 
this hand I have called G?/. The next band in the red X 639 (1/X 2 245), 
is at its maximum at A or even above, while it fades out between K 
and L. The next band at X 619 (1/X 2 261) has its maximum between 
I and 0, fading out rapidly below, but being more persistent above. 
The meta-element to which this band is due I have called Gg*. I next 
come to an extremely sharp band at X 609 (1 /X 2 269), which appears 
to belong to an earth absent in gadolinite and present in samarskite 
and a few other minerals, Its greatest brilliancy is between 15 and K, 
dying away rapidly on either side. This meta-element I have called 
So. A double orange band follows, and there are indications that its 
two components are separable, although they must be very closely 
associated. The maximum brightness of the first component, X 60S 

top of the diagram.' The second 
component,'XA97 (1/X 2 280), begins to lose brilliancy about Gr, and, 
^ff,kedts ;: c0mpamon, is at its greatest brightness at the highest spectrum 
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shown, on tlie diagram. This band has been almost isolated in a 
specimen of crude lanthana, I have called its meta-element Ge. 

The next band in order is the citron or Gr£ band, A 574 (1/X 3 303*5), 
the most prominent in the spectrum of old Yttrium. This band 
extends with almost undiminished sharpness and brilliancy from G 
to S; above G it fades out rapidly, and from D upwards it is absent. 
Following the citron band is a double greeu band. This, like the 
orange band just described, is separable into two components. The 
first, at X568 ( 1 /A 2 310), is almost absent in A, attains its maximum 
in abont D, and fades out entirely at K. The second component of 
this green pair, A 563 (1/A 2 315), is at its maximum at A and above, 
and extends only to H. The meta-element giving rise to this pair I 
have called G 7 . Next in order comes a pair of bright green bands.. 
The two components A 550, 541 (1/A 3 331, 342) have not yet shown 
signs of dividing. The first appearance of this double band is at B, 
it attains its maximum at about E, and continues with almost un¬ 
diminished brightness to Q. The body giving this double green band 
is the most persistent of all the meta-elements of these earths. I 
have provisionally called it G/L 

After'a dai*k interval a broad, hazy, double blue band is seen, 
having its centre at A 482 (1/A 2 430*5). This band, first appearing at 
about F, increases in brightness down to the last fraction at S. 
Its meta-element is called Q&, Lastly, at A 456 (i/A 2 481), is seen a 
deep violet band, coming in first at Q, and getting brighter as we get 
lower down the fractionations. This band is of extraordinary bril¬ 
liancy in some samples of ytterbia, but as it is absent in a specimen of 
ytterbia from Nilson, said by him to be perfectly pure, it is probably 
due to some other new body which I have therefore named provision¬ 
ally S 7 . 

Although, for economy of space, it is inconvenient to represent a 
longer series than is here shown, my fractionations have been pushed 
far beyond the limits shown on the diagram. Fractions above A and 
below S give ample evidence that the process of differentiation has 
not reached its utmost limit. 

On the left of the diagram, Fig. 28, I have attached chemical 
symbols to some of the spectra. Thus the top spectrum, A, is the 
one shown by samarium. At D is the spectrum given by MarignacA 
Yx or gadolinium. At H is seen the spectrum of mosandrum, and at L 
is shown the spectrum given by what would ordinarily be called pure 
yttrium. A study of this diagram will, I think, convince any impartial 
observer that the lessons it conveys fully bear out my contention that 
samarium, gadolinium, mosandrum, and yttrium, are not actual 
' chemical elements, > ' but' are compounded of' certain ' simpler bodies 
which may conveniently be called u meta-elements.” 

■ ir2' . 
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A possible explanation of the existence and nature of the new 
bodies into which “ old yttrium ” has been split up, and of parallel 
cases which will doubtless be found on closer examination, is this. 
Our notions of a chemical element must be enlarged; hitherto the 
•elemental molecule has been regarded as an aggregate of two or more 
atoms, and no account has been taken of the manner in which these 
atoms have been agglomerated. The structure of a chemical element 
is certainly more complicated than has hitherto been supposed. We 
may reasonably suspect that between the molecules we are accustomed 
to deal with in chemical reactions, and the component or ultimate 
atoms, there intervene sub-molecules, sub-aggregates of atoms, or 
meta-elements, differing from each other according to the position 
they occupy in the very complex structure known as u old yttrium. 55 

The arguments in favour of the different theories are as yet not 
nnequally balanced. But the assumption of compound molecules will 
perhaps account for the facts, and thus legitimate itself as a good 
working hypothesis, whilst it does not seem so bold an alternative as, 
the assumption of eight or nine new elements. 

The history of the examination of the rare earths and of its results 
would lack completeness and intelligibility did I not refer to the views 
taken by my distinguished friend M. Leooq de Boisbaudran. 

In a communication to the Academy of Sciences this eminent 
chemist says (Oompt. rend., 100, 1437): “ It is a singular fact that the 
positions of the phosphorescence bands observed by Mr. Crookes with 
very pure compounds of yttrium are sufficiently near those which I, on 
my part, have obtained with the hydrochloric solutions of earths sepa¬ 
rated as far as possible from yttria, chemically as well as spectro¬ 
scopically. My reversion spectrum cannot, I think, be attributed to 
yttrium., for on the one hand it is seen brilliantly with products which 
give no trace of yttrium rays with the direct spark, and on the other 
hand, I have found it impossible to obtain it sharply from certain 
earths extremely rich in yttria/’ 

M. de Boisbaudran further states in a note :— u This spectrum (i,e., 
the one which he had just described) is now recognised as being 
identical with that which is ascribed to pure yttria by Mr. Crookes, 
and which this savant obtained under experimental conditions very 
different from mine. Nevertheless, my latest observations, as well as 
earlier ones, lead to the conclusion that yttria is not the cause of the 
spectrum bands observed. In my fractionations the phosphorescence 
spectrum gradually gets weaker as I advance towards the yttria end. 
With almost pure yttria the phosphorescent bauds show themselves 
faintly or not at all, whilst they are brilliant with the earths which 
do not give by the direct spark the rays of yttrium to any appreciable 
extent/’ 
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■ It will, I think, appear that the issue between myself and M. do 
Boisbandran turns on the question: What is yttria P To what 
substance can this name be legitimately given P A short time ago 
the name conveyed to all chemists only one meaning, perfectly 
definite and undisputed. I have received specimens of yttria from 
M. de Marignac, considered by him to be purer than any which had 
ever been previously prepared ; from Professor Cleve (called by him 
p urissimum ) ; and from M. de Boisbandran, which he pronounces to 
be yttria “scarcely soiled by traces of other earths.” Along with 
these I have specimens prepared by myself and purified up to the 
highest point known. A very short time ago every living chemist 
would have called these samples “ yttria.” Moreover, they all give 
my phosphorescence spectrum in vacuo with such intensity that such 
phosphorescence cannot be rationally ascribed to slight traces of 
impurities. 

This substance, like other chemists, I formerly called “yttria,” but 
since its complex nature has been ascertained I speak of it as “ old 
yttria.” 

• M. de Boisbandran, however, inadvertently uses the word in a 
manner not quite free from ambiguity. By “yttria,” I repeat that I 
mean now, and have always meant, the yttria of Cleve, of Marignac, 
and of all chemists up to the beginning of the year 1886, the yttria 
whose metallic basis has the approximate atomic weight of 89. 
M. de Boisbaudran at one time writes as if onr meanings were 
identical: “ It is certain,” he says, 44 that my earth, very rich in 
yttria, gives a beautiful spectrum in the vacuum tube.” Again he 
informs me: “ M. Becquerel has recently examined my earths A and 
B in ultra-violet light, and has obtained results analogous to yours: 
that is to say, the earth rich in yttria has generally shone brighter 
than the other.” The “ earth A 99 here spoken of gives my phosphor¬ 
escent spectrum with wonderful brilliancy, and is the one described 
above by M. de Boisbaudran as “yttria scarcely soiled by traces of 
other earths.” This yttria, my distinguished friend goes on to say, 
“ is the same as that of Cleve and Marignac, varying only in slight 
impurities, Marignae’s being perhaps the purer.” So far then we 
agree in the meaning to be attached to the word “yttria,” 

But at other times M. de Boisbandran gives the name “ yttria” to 
an earth of quite distinct properties, to an earth he has obtained in 
most minute quantities after months of reiterated fractionation, which 
gives no spectrum in the vacuum tube. Here, therefore, we have the 
name “ yttria ” applied to two distinct substances, the one giving a 
•brilliant phosphorescence spectrum, and the other giving none at all, 
surely a misleading ambiguity. Moreover, I am constrained to 
question the propriety of my friend's use of the designation <s yttria” 
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in the latter sense. Quite recently ( Gompt . rend., 108, 166, January 
28, 1889) M. de Boisbaudran has defined his “yttria” as an earth, 
whether simple or complex, having a characteristic spark spectrum, 
hut not giving a phosphorescence spectrum in the radiant matter 
tube or by his process of reversion, and having an atomic weight of 
near 89 for its metal. 

Why should this non-phosphorescent earth deserve the name of 
elemental yttria? Why may we not just as well allot the name to 
some one or other of the phosphorescing earths which M. de Bois- 
baudran brands as impurities ? It seems to me that to refine away 
the most characteristic attributes of a body, to call the caput mortumn 
by the original name, and pronounce everything else an “ impurity,” 
is a departure from the recognised principles of scientific reasoning 
and practice which it is a duty to protest against. 

I have just mentioned that the earth heretofore called yttria and 
supposed to be simple has been split up into a number of simpler 
bodies. Uow these constituents of the old yttria are not impurities 
in yttria any more than praseodymium and neodymium are impuri¬ 
ties in didymmm. They proceed from a real splitting up of the 
yttrium molecule into its components, and when this process is com¬ 
pleted the old “yttria” has disappeared. If these newly discovered 
components on further examination should he found worthy to take 
the rank of elements I think, as first discoverer, I am entitled by the 
custom prevailing among men of science, to name them. For the 
present, and until their investigation is more advanced, I designate 
them by provisional symbols. One of the most distinct characteristics 
of “old yttria” is its very definite spark spectrum. To which of its 
components this spark spectrum belongs I am not yet able to say. It 
is possible that the particular component to which the spark spectrum 
is due yields no phosphorescent spectrum. It is also possible that the 
spark spectrum, like “old yttria,” may prove to be compound, and 
then the well-known lines it contains will have to be shared between 
two or more of the newly-discovered bodies. I wish emphatically 
to re-state that at present no single component of old yttria can law¬ 
fully lay claim to what maybe called the paternal name; and it seems 
to me that in the present state of the question no one is entitled to 
call one of the new bodies “yttria,” and to characterise the remainder 
as impurities. 

I regret to add that a misunderstanding exists between M, de 
Boisbaudran and myself. In a memoir presented to the Academy of 
Sciences on January 28th of the present year my distinguished col¬ 
league shows he completely misapprehends my position, and he so far 
misinterprets me as to make me say that the gadolinia or Y« of M. de 
Marignac.is a mixture of 61 parts.of yttria,and 39 parts of samaria 1 
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But what is tlie fact ? So far back as June 9th, 1886, I put it on 
record ( Proc, Roy, Soc 40, 502) that “Ya is composed of the 
following band-forming bodies:—A [541—549], [564], [597], [609], 
[619], together with a little samarium. Calling samarium an im¬ 
purity, it is thus seen that gadolinium is composed of at least four 
simple bodies.” 

Again in a paper entitled “ What is Yttria ?” I wrote (Ghem, News , 
54, 39, July 23, 1886)— 

“ Gadolinium is composed of at least four simpler bodies, G£, Gy, Sfl, and G£ ; 
the pair of green lines [A 541 and K 449, mean 545], being the strongest feature in 
its spectrum, may be taken as characteristic of gadolinium.” 

“ M. de Boisbaudran says :— £ Mr. Crookes appears to attribute to gadolinium 
the double green band.’ This is scarcely accurate $ I did not ascribe the double 
green band to gadolinium, but finding by my test that the so-called gadolinium was 
a compound body, the earth Gj9 being its strongest component, I proposed to attach 
the name of gadolinium to G£ rather than give it a new name, and thus multiply 
names unnecessarily.” 

Thus in 1886 I corrected the error which M. de Boisbaudran now 
repeats. 

Again, I said that the work of fractionating this mixture, u for 
Us completion , would occupy a space of time in comparison with 
which the life of man is all too brief”—a statement transformed 
into the assertion that to separate yttria and sain aria—a relatively 
easy task—would take more than a life-time. 

M. de Boisbaudran’s misconception is the more striking since in a 
foot-note he gives correctly my very words from my Address to the 
Chemical Section of the British Association,” in 1886, and from the 
“ Genesis of the Elements.” How he can have mistaken my mean¬ 
ing is a mystery, as he is an excellent English scholar. Certainly 
any reader of the Gomptes rendus who understands English will at 
once see that there is no foundation for M. de Boisbaudran's 
criticism. 


Action of Different Earths on Phosphorescence Spectra, 

Another modification of phosphorescence spectroscopy is produced 
by the previous addition of other earths to the specially phosphor¬ 
escent earths, and of the results of such addition some instances 
have already been mentioned. Lime exerts in this manner a remark¬ 
able action. By itself it phosphoresces with a continuous spectrum, 
after the fashion of yttria with a discontinuous spectrum. If, how- 
over, they are mixed, the phosphorescing energy of the lime does not 
extend over the whole spectrum, but concentrates itself on strength¬ 
ening the yttria bands. These bands become broader, but also less 
definite, in proportion as the lime increases in quantity. , 
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, Lime also may be made to play a useful part In bringing out the 
phosphorescent bands of samaria. The bands are not so numerous as 
those of yttrium, but the contrasts are sharper. Examined with a 
somewhat broad slit, and disregarding the fainter bands, the sama¬ 
rium spectrum is seen to consist of three bright bands—-red, orange, 
and green—nearly equidistant, the orange being brightest. With a 
narrower slit the orange and green bands are seen to be double. 
(Fig. 18). 

The addition of lime also affords an argument for the compound 
nature of samaria, as it suppresses the sharp line S3, the most 
striking feature in the phosphorescence spectrum shown by pure 
samarium sulphate. On the other hand, an addition of old yttria 
deadens the other lines of samaria, bnt brings out the line So more 
strongly. Fig. 19 represents the spectra given by the meta-elements 
pf samarium. 

Lanthanum sulphate in the radiant matter tube phosphoresces 
with a reddish colour and has a broad hazy band in the orange, with 
a, sharp line superposed. This line is identical with the line of Gta, 
pne of the components of the phosphorescent spectrum of samarium. 

If lime is added to lanthanum, the phosphorescence changes its colon r 
from red to yellow. Lime also brings out the lines of yttrium and 
samarium if they are present as impurities. When Gr3, Gx, and G/-J 
are present in small proportions with lime, the lines Gd and Gx be¬ 
come intensified, but a dark place appears in place of the green G/l 
band. Hence it appears that if only a small trace of G/3 is iompd 
with lime and lanthanum, the green line is not only obliterated, buV*^ 
the quenching action suppresses that part of the continuous lime 
spectrum which has the same refrangibility as the Gfi line, thus giving 
a black space in tbe spectrum. 

A specimen of lanthana thrown out in a fractionation of duly mi a, 
examined in the radiant matte]* tube, phosphoresces of a yellow 
surface-colour and gives an extremely brilliant spectrum (Fig. 20). 

In the red there is a very fine and sharp line, somewhat like the 
alumina line, but nearer C of hydrogen. Then come a couple of 
misty red lines, the first apparently compound, then a hazy pair of 
green lines, and finally another wide apart pair of a bluish-green; the 
first of these lines is intensely brilliant. 

Interference of Phosphorescence Spectra, 

; I have already frequently noted the modification induced in the 
normal spectrum of one earth by the mixture of various quantities of 
Ofherf,, when treated as anhydrous sulphates, and of these one of the 
most ; .striking' is seen,in the case of a mixture of samar^ ,, : ^ | ifh l, ;yttrm, ?: / 1 
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since the presence of even 40 per cent, of yttria practically obliterates 
its spectrum. The most minute proportion of lime added to samaria 
causes the sharp line at 1/A 2 269 in its spectrum to vanish, at the 
same time greatly intensifying the other bands. Strontia, baryta, 
glucina, thoria, magnesia, lanthana, alnmina, and oxides of zinc, cad¬ 
mium, lead, bismuth, and antimony, all give characteristic spectra 
with samaria, and have been fully described in my paper on that body 
(Phil. Trans., Part II, 1885). The action of lime upon yttria is of 
great use in detecting very small quantities of this earth when in 
combination with other elements which otherwise wonld prevent its 
phosphorescence. 

A recent discovery of some beautiful spectra given by the rare 
earths when their pure oxides are highly calcined, shows the remark¬ 
able changes produced in the spectra of these earths when two or 
more are observed in combination. It has likewise opened to me a 
wide field of investigation in the nature of the elements themselves. 
Alumina is especially active in inducing new spectra when mixed with 
the rare earths. I have given more than a twelvemonth to the exclu¬ 
sive study of alumina phosphorescence, and still the research is incom¬ 
plete. But I have obtained some remarkable results. A moderate 
amount of fractionation has enabled me to penetrate below the surface 
of the red glow common to crude alumina, and to see traces of a most 
complicated sharp line spectrum. By pushing one particular process 
of fractionation to a considerable extent, I have obtained evidence of 
a body which is the cause of some of these lines. The spectrum, 
described by’me in 1887 ( Ghem. News, 56, 62, 72) is one of great 
beauty, and a fair idea of it is given in Pig. 21. The new body is 
probably one of the rare elements or meta-elements closely connected 
with decipia, for I have reproduced the spectrum very fairly by 
adding decipia to alumina. Before arriving at definite conclusions 
much time must be devoted to the subject. Certain it is that this 
new earth is not yttria, erbia, samaria, didymia, lanthana, holmia, 
thulia, gadolinia, or ytterbia, the spectrum of each of these when 
mixed with alumina being very beautiful, but differing entirely from 
the decipia-alumina spectrum. Some of these new spectra are sho wn 
in Pig. 29* ■ 

The Phosphor escape. 

The phosphoroscope affords another method of verifying the simple 
or compound character of a substance. 1 It is well known that the 
continuance of phosphorescence after the cessation of the exciting 
cause varies widely, from some hours, as in the case of the phos¬ 
phorescent sulphides, to the fraction of a second in the case of uranium 
glass and quinine sulphate. On examining phosphorescent earths 
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glowing in a vacuum tube under tlie action of the induction discharge, 
I found remarkable differences in the duration of this residual glow. 
Some of the earths, after the cessation of the current, remain lumi¬ 
nous for an hour or more, whilst others cease to phosphoresce imme¬ 
diately on the stoppage of the current. Take the case of yttrium. As 
already stated, T succeeded in resolving this earth into several simpler 
bodies not equal in basicity. While seeking for further proof of tbe 
distinct character of these bodies 1 observed that the after-glow 
differed somewhat in colour from that which the earth exhibited 
whilst the current was still passing. Further, the spectrum of the 
after-glow seemed to show, so far as I could judge by the faint light, 
that some of the lines were missing. As this phenomenon indicated 
another difference among the components of yttrium, 1 examined 
them in an instrument similar to Becquerel’s phosphoroscope, but 
acting electrically instead o£ by means of direct light. 

Without describing this apparatus, shown in Fig. 22, I may mention 
some of the results obtained by its use. Under ordinary circum- 


Fig. 22. 



stances it is scarcely possible to perceive any phosphorescence In an 
earth until the vacuum is so high that the line spedtrura of the residual 
gas begins to grow faint. Up to this point, the stronger light of the 
glowing gas overpowers the feeble glow of the phosphorescence. But 
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in the phosphoresce pe the light of the glowing gas lasts only for an 
inappreciable time, vrhile that of the phosphorescent earth persists 
long enough to be distinctly observed. The different bands of the 
new constituents of yttria do not all appear at the same speed of 
rotation. At the lowest speed the double greenish-bine band of GS is 
first seen, followed nest by the dark blue band of Gx. As the velocity- 
increases there follows the bright citron-yellow band of Gc, and as 
the utmost speed approaches the red band of Gf is seen, but with 
difficulty. If lanthanum sulphate along with a little lime is examined 
in the phosphoroseope the line of Ge is visible at the lowest speed; 
G<3 follows at an interval of 0‘GQ35 second, and the Gx line imme¬ 
diately afterwards. 

M. de Boisbaudran’s Reversion Spectra. 

Another modification of the phosphorescence process is afforded by 
the 44 reversion spectra” of M. Lecoq de Boisbaudran. 

The following is the description of this process by M. Lecoq de Bois¬ 
baudran, read before the Academy of Sciences on June 8th, 1885 :— 
££ When the electric spectrum of a solution with a metallic base is 
produced it is customary to make the outside platinum wire (whence 
the induction spark strikes) positive, the liquid consequently forming 
the negative pole. If the direction of the current is reversed the 
metallic rays (due to the free metal or to one of its compounds) are 
scarcely or not at all visible; at all events, so long as the exterior 
platinum wire now forming the negative pole is not coated with a 
deposit.” Fig. 15 shows the arrangement. M. de Boisbaudran con¬ 
tinues :— 

i£ Having again taken up last year my researches on the rare earths 
belonging to the didymium and yttrium family, I had occasion to 
observe with many of my preparations the formation of spectrum 
bands, nebulous, but sometimes tolerably brilliant, having their origin 
in a thin layer of a beautiful green colour, which appeared at the 
surface of the liquid (a solution of a chloride) when it was rendered 
positive.” , 

M. de Boisbaudran further adds:— £i The production of my rever¬ 
sion spectrum appears to be analogous physically with the formation 
of the phosphorescence spectra obtained by Mr. Crookes at the 
negative pole in his high vacuum tubes containing certain compounds 
of yttria. The conditions of the two experiments are, however, prac¬ 
tically speaking, very different.” 

By this method M. de Boisbaudran has discovered phosphorescent 
spectra, shown in Figs. 23 and 24, wdiich he considers due to the 
presence of two earths, one of which, supposed to be new, he has 
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provisionally named Z#, and another, also thought at first to be new - , 
and therefore called Z(S, but since admitted by him to be terbia 
(Cornet rend, 108, 167, Jan. 28, 1889). In the hands of so skilful 
an experimentalist as my accomplished friend, this method may give 
trustworthy indications, but the test is really beyond the range of 
practical analysis, owing to the difficulty of eliciting the phenomena. 
Unless the strength of the spark, the concentration and acidity of the 
solution, and the dispersive and magnifying power of the spectroscope 
bear a certain proportion to each other, the observer is likely to fail 
in seeing a spectrum even in solutions of earths which contain con¬ 
siderable quantities of Za and terbia. 

I have had not only the advantage of personal instruction in Paris 
from M. de Boisbaudran himself in the best methods of getting these 
reversion spectra, but I secured some of the identical earths which 
give these spectra most distinctly. Yet with all these advantages I 
have experimented for hours together without being able to see more 
than a feeble glimmer of the bands described by M. de Boisbaudran. 
Moreover, the bands of these “reversion” spectra, at their strongest, 
are but faint and hazy substitutes for the brilliant lines of yttria seen 
by the 44 bombardment ” process, and they do not even in all cases 
agree with them in position. M. de Boisbaudran, speaking of the 
relative sensitiveness of our two processes, admits that the bombard¬ 
ment process in vacuo is incomparably more delicate than his reversion 
method. My own estimate of the relative sensitiveness of the two 
methods is in the proportion of at least 1 : 100. Though so accurate 
an observer, M. de Boisbaudran concluded apparently too hastily that 
two spectra are identical, when one of them has been measured only 
approximately, and contains bauds in positions which are perfectly* 
blank in the other. 


The Phosphorescence of Alumina, 

I now -wish to draw attention to some recent researches on the 
phosphorescence spectrum given by alumina. So far back as 1859 
Becquerel examined in his phosphoroscope pure alumina carefully 
prepared, and described it as glowing with a splendid red colour. He 
rendered his specimens phosphorescent by exposure to the sun, and 
made no use of the induction spark. As described by Becquerel 
(Ann. Chew. Phys ., 57, 50, 1859), the spectrum of the red light 
emitted from alumina agrees with that of the ruby when submitted to 
the radiant matter test. It displays one intensely red line a little 
Below the fixed line B in the spectrum, having a ware-length of about 
-689*5. There is a continuous spectrum beginning at about B and a 
few fainter lines beyond it, but in comparison with this red line the 
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faint ones are so dim that they may be neglected. My latest observa¬ 
tions in the vacuum tube prove this line to be double, the distance 
apart of the components being about half the distance separating the 
I) lines (Free. Boy. Soc 42, 26, Bee. 30, 1886), their respective 
wave-lengths being 694*2 and 693*7 (l/\ s 207*5 and 207*8). This 
alumina spectrum is shown in Fig. 25. 

The red phosphorescence of this alumina is exceedingly charac¬ 
teristic. M. de Bolsbaudran (Compt. rend., 103, 1107; 1L04, 330, 
478, 554, 824) contends, however, that this red phosphorescence 
is due not to the alumina itself, but to an accompanying trace of 
chromium, ^--^th part of chromium being: sufficient to give a 
splendid red phosphorescence, whilst even 1 part of chromic oxide 
in 10,000 will produce a very distinct rose colour. In testing this 
view I have purified alumina most carefully, so as to secure the 
absence of chromium, and on examining it in the radiant matter tube 
I have still obtained the characteristic phosphorescence and spectrum. 
I have then added to my purified alumina chromium in known vary¬ 
ing proportions, but without finding any increase in the intensity of 
the phosphorescence. I fractionated my purified alumina by different 
methods and found that the substance which forms the crimson line 
becomes concentrated towards one end of the fractionations, whilst 
chromium concentrates at the other end. I have suggested four 
possible explanations of the phenomena— 

1 . The crimson line belongs to alumina, but it is liable to be masked 
or extinguished by some other earth, which accumulates towards one 
end of the fractionations. 

2. The crimson line is not due to alumina, but to the presence of an 
accompanying earth, which accumulates towards the other end of the 
fractionations. 

3. The crimson line belongs to alumina, but its development 
requires certain precautions to be taken in the duration and intensity 
of the ignition, and absolute freedom from alkaline and other bodies 
carried down by precipitated alumina, and difficult of removal by 
washing. 

4. The earth alumina is a compound molecule, one only of its com¬ 
ponent sub-molecules giving the crimson line. If this hypothesis is 
correct, alumina must admit of being split up in a manner analogous 
to yttria. 

Sharp Line Spectra with Phosphorescent Alumina. 

About 18 months ago M. de Boisbandran published some results 
on u Hew Fluorescence with well-defined Spectral Bays ( Compi . 
rend., 105, 258). Having mixed alumina ,with 2 per cent, of samaria 
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and converted the mixture into sulphate, he heated it to a tempera¬ 
ture between.the melting point of copper and silver. This product, 
examined in the radiant matter tube, gives a faint fluorescence, the 
spectrum resembling the samarium-aluminium spectrum described by 
me in June, 1885 (J Phil. Toxins ., Part II, 1885, 712) (Pig. 2b). That 
is, aluminium and samarium give a spectrum resembling* the cor¬ 
responding calcium-samarium one as to the reel and the double 
orange, but having a very broad, rather faint, green band 'with a black 
division in the middle occupying the position of the bright green 
band of calcium-samari am. 

On submitting this aluminium-samarium mixture to a very high 
temperature, M. de Boisbaudran finds that its spectrum alters greatly. 
In place of the three nebulous bands, there are now a number of 
sharp rays forming three groups corresponding respectively to each 
of the three diffused bands above described. 

This spectrum seems to me closely to resemble the complicated 
system of sharp lines shown by alumina after moderate fractionation, 
to which I have already referred (Fig. 27, lower spectrum). Taking 
some of this alumina, 1 added to it one-fiftieth of its weight of 
samaria, and thereby obtained a spectrum similar to that described 
by M. de Boisbaudran (Fig. 27, upper spectrum). As I had suspected, 
the two spectra are almost identical; the effect of the samaria is 
simply to intensify some of the lines and weaken others. But between 
this sharp line high temperature spectrum and the band spectrum 
(Fig. 26) given by the same mixture treated at a lower temperature I 
fail to see any such resemblance as could support the view that the 
groups correspond save that “ those of the line spectra are less re¬ 
frangible.” The explanation of M. de Boisbaudran \s result is simple. 
Both samarium sulphate and aluminium sulphate resist a red heat 
without their sulphuric acid being driven off. Aluminium sulphate 
does not phosphoresce, samarium sulphate does, therefore the mixture 
gives the samarium spectrum. But if the mixed sulphates are heated 
to the highest blowpipe temperature both are decomposed, and there 
is left a mixture of samaria and alumina. hTow, samaria by itself 
gives no phosphorescence spectrum, but alumina gives the new line 
spectrum I have described. 

This method is applicable only when the earths are in a sufficiently 
high state of purify. The presence of exceedingly small traces of 
other matter may greatly modify the spectrum. 

Conclusions* 

During the course of the investigations—whose results are briefly 
summarised iu the foregoing pages,—I' have repeatedly had recqurso,. 
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to the balance, to ascertain bow the atomic weights of the earths 
under treatment were varying. An atomic weight determination is 
valuable in telling when a stable molecular grouping is arrived at. 
During a fractionation, the atomic weight of the earth slowly rises or 
falls until it becomes stationary, after which no further fractionation 
of that lot hy the same process makes it vary. Usually a result of this 
kind has been relied on as proof that the elementary stage has been 
reached. This constancy of atomic weight, however, only proves 
that the original body has been split up by the fractionating process 
into two molecular groupings capable of resisting further decomposi¬ 
tion by that identical process; but these groupings are not unlikely 
to break up when a different fractionating process is brought to bear 
on them, as I found in the separation of didymium and samarium 
when using dilute ammonia as the fractionating precipitant. In my 
paper on “ Radiant Matter Spectroscopy ” I said* :—“ After a time a 
balance seems to be established between the affinities at work, when 
the earth would appear in the same proportion in the precipitate and 
the solution. At this stage they were thrown down by ammonia, and 
the precipitated earths set aside to be worked up by the fusion of 
their anhydrous nitrates so as to alter the ratio between them, when 
fractionation by ammonia could be again employed.” 

It is obvious that when the balance of affinities here spoken of 
was reached, the atomic weight of the mixture under treatment would 
have become constant, and no further fractionation -would have caused 
the atomic w y eight to alter. 

Atomic weight determinations are valuable in telling when the 
fractionating operation in use has effected all the separation it can: 
at this point it becomes constant. The true inference is, not that a 
new earth has been obtained, but simply that the fractionating opera¬ 
tion requires changing for another, which will cleave the group of 
meta-elements in a different direction. 

Meantime, I have kept strictly in view the question, What is an 
element, and how shall it be recognised when met ? 

On this subject I beg to submit the following considerations, which, 
primarily referring to didymium, may at any moment apply to other 
cases: — 

Neodymium and praseodymium are simply the products into which 
didymium is split up by one particular method of attack. 

It must be remembered that a single operation, be it crystallisa¬ 
tion, precipitation, fusion, partial solution, Ac., can only separate a 
mixture, of several bodies into two parts, just as the addition of a 
reagent only divides a mixture into two portions, a precipitate and a 

* H Part II, Samarium,*’ Phil. Trans., Part II, 12% June IS, 1885, 
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solution, and these divisions will be effected on different lines accord¬ 
ing to the reagent employed. We add, e.g., ammonia to a mixture, 
and at once get a separation into two parts. Or we add, say, oxalic 
acid to the same original solution, and we then split up the mixture 
into two other parts differently arranged. 

Thus by crystallising didymium nitrate (in Auer’s way) we divide 
the components into two parts. By fusing didymium nitrate we 
divide its components in a different way; but so long as different 
methods of attack split up a body differently, it is evident that we 
have not yet got down to “ bed rock.” 

Further, a compound molecule may easily act as an element. 
Take the case of didymium, which is certainly a compound, whether 
the products of Auer’s operation be final or not. Didymium has a 
definite atomic weight; it has well-defined salts, and has been subjected 
to the closest scrutiny by some of the ablest chemists in the world. 
I refer particularly to Cleve’s classical memoir. Still the compound 
molecule known as didymium was first too firmly held together to 
act otherwise than as an element, and as a seeming element it 
emerged from every trial. The simple operations to which it had 
been submitted in the preparation of its salts, and in its purification 
from other compound molecules, such as samarium and lanthanum, 
were not sufficient to split it np further. But subjected to a new 
method of attack it decomposes at once. 

We have, in fact, a certain number of reagents, operations, pro¬ 
cesses. &c., in use. If a body resist all these and behave otherwise 
as a simple substance, we are apt to take it at its own valuation and 
to call it an element. But for all that, it may, as we see, be compound, 
and as soon as a new and appropriate method of attack is devised we 
find it can be split up with comparative ease. Still, we must never 
forget that, however complex, it can hardly be resolved into more 
than two parts at one operation. 

From considerations above laid down I do not feel in a position to 
recognise neodymium and praseodymium as elements. We need some 
criterion for an element which shall appeal to our reason more clearly 
than the old untrustworthy characteristic of having not as yet been 
decomposed, and to this point I must beg to call the special attention 
of my colleagues. It may be that whatever body gives only one 
absorption-band is an element, but we cannot conversely say that an 
element may be known by its giving only one absorption-band, since 
most of our elements give no bands at all! 

Until these important and difficult questions can be decided, I hare 
preferred to open what may be figuratively called a suspense account, 
wherein, as I have previously suggested, we may provisionally enter 
all these doubtful bodies as “ meta-elements.” / 
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But these meta-elements may have more than a mere provisional 
value. Besides compounds, we have hitherto recognised merely 
ultimate atoms, or the aggregations of such atoms into simple mole¬ 
cules. But it becomes more and more probable that between the 
atom and the compound we have a gradation of molecules of different 
ranks, which, as we have seen, may pass for simple elementary bodies. 
It might be the easier plan, so soon as a constituent of these earths 
can be found to be chemically and spectroscopically distinguishable 
from its nest of kin, to give it a name, and to claim for it elemental 
rank; but it seems to me the duty of a man of science to treat 
every subject, not in the maimer which may earn for him the greatest 
temporary kvcos, but in that which will be of most service to Science. 

If the study of the rare earths leads us to clearer views on the 
nature of the elements, neither my colleagues nor myself will, I am 
sure, regret the months spent in tedious and apparently wearisome 
fractionations. Ho one can be more conscious than myself how much 
ground is yet uncovered and how many radical questions have re¬ 
ceived but very inadequate answers. But we can only work on, 
“ unresting, unhasting,” trusting that in the end our work will 
throw some white light upon this deeply interesting department of 
chemical physics. 

Throughout the address, attention was directed to the various 
spectra, and to the methods of producing them; the action of differ¬ 
ent earths, &c., on phosphorescence spectra was also specially con¬ 
sidered. 

Professor Dewar proposed a vote of thanks to the President, coupled 
with the request that he allow his address to be printed; Dr. Glad¬ 
stone seconded the motion, which was carried by acclamation. The 
President briefly responded. 

Dr. Russell, the Treasurer, then gave an account of the financial 
position of the Society. The receipts by admission fees and subscrip¬ 
tions had been £3,402; by sale of Journal, £365 3s* 3d; and by 
dividends on invested capital, £344 4s. 3d. The expenses on account 
of the Journal had been £2,350 5s. lid.; on account of the Abstracts 
of Proceedings, £164 4s. 7d.; on account of the Library, £308 5s. 6d.; 
the total expenditure being £3,429 18s. 3d. £500 had been invested 
in Metropolitan Board of Works 3^ per cent, stock, and the balance 
in hand was £1,833 10s. 6d., the balance at the corresponding period 
last year having been £1,672 19s. 3d. 

Professor Thorpe moved that the thanks of the Society be tendered 
to the Treasurer for his services during the past session: Dr. Perkin 
seconded the motion. 1 , Dr. Russell, after replying, proposed'a vote of 
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thanks to the auditors, Messrs. R. H, Davies. Friswell, and Eideal; 
this was seconded by Dr. P. F. Frank]and, and acknowledged by Air. 

Friswell 

Mr. J. Yevriaiids proposed a vote of thanks to the Officers and 
Council, which was seconded by Dr. J. Yoelcker, and acknowledged 

by Dr. Armstrong. ■ 

Professor Clowes moved that the thanks of the Fellows be tendered 
to the Editors, Abstractors, and Librarian for their important- services 
during; the year. Dr. Collie seconded the motion. Air. Groves and 

Dr, Thorne replied. 

Messrs. Foster and E. W. Yoelcker having "been appointed Scru¬ 
tators, a ballot was taken, and as result the following •were declared 
elected as Officers and Council for the ensuing session. 

President ; W. J. Russell, PhD., F.R.S. 

Vice-Presidents who have filled the office of President: Sir F. A. Abel, 
C.B., D.C.L., F.E.S.; W. Crookes, F.R.S.; Warren de la Ene, D.C.L., 
F.R.S.; E, Frankland, D.C.L., F.R.S.; J. H. Gilbert, PhD., F.R.S.; 
J. H. Gladstone, Ph.D„ F.R.S.; A. W. Hofmann, D.C.L., F.E.S.; 
H. Mtiller, PhD., i.R.S.; W. Odling, ALE,, F.E.S.; W. H. Perkin, 
PhD., F.R.S.; Sir Lyon Playfair, PhD., K.C.R., F.E.S.; Sir H. E. 
Roscoe, LLD., F.R.S.; A. "W. Williamson, LL.D., F.R.S. 

Vice-Presidents: G. Carey Foster, F.E.S.; J. W. Mallet, AID., 
F.R.&.; H. McLeod, F.R.S.; Ludwig Alond; J. Emerson Reynolds, 
AID., F.E.S.; Robert Warington, F.E.S. 

Secretaries ; H. E. Armstrong, PhD., F.R.S.; J. Millar Thomson; 
F.E.S,E. 

Foreign Secretary ; F. E. Japp, LLD., F.R.S. 

Treasurer; T. E. Thorpe, E.Sc., F.R.S. 

Ordinary Members of Council: Norman Collie, PhD,; A. H. Church, 
M.A.; Frank Clowes, D.Sc.; Wyndham E, Duiistan, ALA.; John 
Ferguson, M.A.; Charles W. Heaton; E. Kindi; H. F. Morley, ALA.; 
F, J. AL Page, B.Sc.; S. XL Pickering, ALA.; E. T. Plimpton* PhD.; 
Thomas Piirdie, B.Sc. 
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OBITUARY NOTICES. 


James Smith Brazier was born at Rye, Sussex, on 7th March, 1825, 
and losing both his parents in early childhood, he was adopted by his 
maternal uncle, Mr. Jeremiah Smith, of Springfield Lodge, Rye, 
whose name appears as one of the early promoters of the Royal 
College of Chemistry. To the newly-founded institution in Oxford 
Street, Mr. Brazier repaired in 1847, shortly after completing his 
school education at King William’s College, Isle of Man, taking up 
his residence with Mr. William Johnson, who was then the Secretary ; 
from him he gained that practical knowledge of electrotyping which 
often served him as a recreation, and with whom incidentally he suc¬ 
ceeded in effecting the electro-deposition of nickel, nsing for this 
purpose the comparatively insoluble and easily purified potassium 
nickel sulphate. 

Whilst a student at the Royal College of Chemistry, he published 
two papers conjointly with Dr. J. E. Mayer, the first entitled 
44 Analyses of the Mineral Constituents of the Flax Plant, and of the 
Soils upon which the Plants had been Grown,” read before this 
Society, February 5th, 1849; the second, 44 An Analysis of Plate 
Glass,” was read May 21st, 1849; and in the following year, con¬ 
jointly with Mr. G. Gossletb, a student from Trieste, 44 Contributions 
towards the History of Caproic and Oenanthylic Acids” was read, 
June 17th, 1850. Mr. Brazier was now appointed Assistant at the 
College, and in this capacity worked with Dr. A. W. Hofmann 
through part of his 41 Researches on the Organic Bases. IX.—Their 
Molecular Constitution,” read before the Royal Society, April 3rd, 
1851, in which paper, Dr. Hofmann, acknowledging services rendered, 
speaks of Mr. Brazier’s experimental skill and knowledge in the 
highest terms of praise, # 

Leaving London, he worked for a short time with Professor T, 
Andrews, of Queen’s College, Belfast; and from Ireland he went to 
Aberdeen, becoming Assistant to Dr. Thomas Clark and Dr, Andrew 
Fyfe successively, until, by the union of the Colleges and death of the 
last-named Professor (in 1861), Brazier was chosen by the University 
Court to succeed to the vacant Chair of Chemistry, with which he 
afterwards combined the duties of Secretary of the Medical Faculty, 
and eventually became Dean. 

For more than a quarter of a century, Professor Brazier did his 
work at Aberdeen In a manner which cannot fail to leave a lasting 

* See R.C.C. Reports, vol. ii, p. 228. 
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record, training numerous students and gaining as many friends, 
until "by illness— failure o£ tlie heart's action—lie was forced to retire 
last autumn; and died on the 14th January in the present year, aged 
04. He left a widow and five children, the three sons being in the 
service of the Chinese Government. 

Professor Brazier was a Fellow of the Institute of Chemistry, and 
Vice-President of the British Association during the meeting at 
Aberdeen. He was frequently consulted by the Town Council, 
acting with Mr. John Pattinson in investigating the causes of failure 
of the Graving Dock, and tendering a report in 1887. He held no 
University degree, but arrangements had been made to confer upon 
him the honorary LL.D. of Aberdeen, when death intervened to 
prevent its fulfilment. 

Joseph James Coleman was the son of a pharmaceutical chemist 
in Lincolnshire, and was born there in 1838. His father having died 
when lie was only ten years of age, he had no guide in his early life 
and studies, but, being of an industrious and studious nature, he made 
excellent progress in the classes of the Mechanics’ Institution of 
Halifax, where he became connected with a business similar to his 
father’s. He devoted all his spare time to chemistry and physics, 
with such success that at the early age of twenty-one he read two 
papers at the Chemical Section of the British Association on certain 
relations between the atomic weights and volumes of the elements, 
one of which was duly published in the Proceedings of the Association. 
His liking for these studies impelled him to devote himself entirely to 
them, and lie soon abandoned his ordinary calling to become a teacher 
of science, an office which he filled in three different Institutions, one 
of which was the celebrated training college at Chester, of which the 
Rev. Dr. Begg was then Principal. At this time the distillation of 
the Boghead coal for oils and paraffin had been established on a firm 
footing, in Scotland, by the late Mr. James Young, F.R.S., of Kelly; 
and a material having been found near Chester which yielded similar 
products in quantity, Mr. Coleman left Chester to erect and manage 
works for its' treatment. He was not long allowed to remain there, 
however, as Young’s Company coveted his services, and soon secured 
him, for the post of chemical engineer at their 'Bathgate works, in 
Scotland, where lie was understood to devote himself to the investi¬ 
gation of the waste products with a view to economy. This he did 
with marked success, and, among other similar things, devised means 
of liquefying the so-called “ incondensible gases/ 5 obtaining from them 
liquid products of high solvent power for many substances. The 
■working out of this investigation led to a much more extended one, 
the result of which was the production of refrigerating machinery of a 
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■valuable and unique character, with which his name will ever be 
associated. The u Bell-Coleman 5 ’ mode of refrigeration has been one 
of the greatest successes of the present century, and by its means 
cargoes innumerable of dead meat have been brought home, in perfect 
condition, from all parts of the world. He contributed numerous 
papers to various societies and science journals, including the Royal 
Society of Edinburgh, the Institution of Civil Engineers, the Institu¬ 
tion of Engineers and Shipbuilders in Scotland, the Philosophical 
Magazine, and the Philosophical Society of Glasgow, of which he was 
a member for about twenty years. For some years previous to his 
death, the very delicate state of his health debarred him from doing 
the amount of scientific work which he longed to do; indeed, Ms 
complaint, which was chronic bronchitis, compelled him to live a 
somewhat retired life, and he frequently expressed his regret at being 
unable to attend the meetings of the Glasgow and Scottish Section of 
the Society of Chemical Industry, of which he was Chairman. He 
was unmairied ; and latterly he spent his time between his conserva¬ 
tory and his laboratory adjoining, which was fitted and equipped in a 
manner worthy of him and his work. 

Clear-headed, warm-hearted, and with a devotedness to science 
which might be a rebuke to many of its followers who are more 
favoured in health, he fought on when many a brave man would have 
given himself up to the care of his complaint. He died at liis resi¬ 
dence, Bearsden, near Glasgow, on the 18th of December last, equally 
beloved and respected by all who knew him. 

H. Debrat began his scientific career as Assistant to Deville at the 
Peole Normale, and aided that investigator in carrying out various 
researches, amongst which may he mentioned the classical work in 
which Deville laid the foundation of the aluminium industry. A 
year later, in 1859, there appeared the first of the long series of 
memoirs in which the names of Deville and Debray are associated. 
It was an investigation of the platinum metals, a subject to which 
the two chemists frequently returned, and the knowledge of which 
they did so much to extend. It may be said that the present 
metallurgy of platinum was created by them. 

M. Debray will, perhaps, he best remembered by his work on 
dissociation. Deville had investigated the phenomena of dissociation, 
and had pointed out on what conditions they depended. But the 
work still lacked the requisite exact and quantitative confirmation, 
and it was to the task of supplying this Want that M. Debray, who 
was, in the best sense of the word, a disciple of Deville, and had 
imbibed to the full his master’s ideas, set himself. He selected for 
study classes of compounds in which the conditions of dissociation 
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were simple, and the amount of dissociation admitted of accurate 
measurement. The results, as embodied in bis work ‘‘ On the Dis¬ 
sociation of Calcium Carbonate and of Hydrated Salts/’ and bis 
Measurements of the Tensions of Dissociation, 55 are too welL known 
to require description here. 

Among Ms oilier work may be mentioned bis researches on 
Maeinum. molybdenum, and tungsten, with the determination of the 
vapour- den sit ies of the chlorides of tungsten, and bis various 
syntheses of crystallised minerals. 

On Deville s death, in 1881, M. Debray succeeded to bis Chair in 
the Eeole Normaie, a post wMeli lie filled until bis death, which took 
place at Paris on July 19th, 1888. 

He was elected a Member of the French Academy of Sciences in 
1877, and a Foreign Member of the Chemical Society in 1883. 

W. F. Donkin was the eldest son of the late Savilian Professor 
of Astronomy at Oxford. Burn in 1845, he went at an early age to 
Ikon, where he -was educated, and where he obtained distinction in 
natural science. On leaving, he read for a Bemyship in that subject 
at Magdalen College, Oxford, and was elected in 1865. Taking his 
degree with honours in 1868, he prosecuted his favourite 1 study of 
chemistry, and became Assistant Demonstrator in the University, 
Laboratory, besides undertaking other duties, such as those of Public 
Analyst to the County. He also became Science Tutor of Keble 
College. He married in 1876, but lost his wife the following year. 
This grief led him before long to think of leaving Oxford, and when, 
in the course of a year or two, the Professorship of Chemistry in 
8t. George's Hospital became vacant, and was offered to him, he 
accepted the post, and came to live near London. To the study of 
chemistry he now began to add that of electricity, in which he 
speedily became proficient—especially in the direction of electric 
lighting; here, his beautiful dexterity of manipulation stood him in 
good stead, and he acted for some time as scientific experimenter to 
a well-known electrical firm, by whom his opinion was much valued. 
Indeed, in the opinion of one well qualified to judge, he was rapidly 
making his mark as a leader in experimental investigations requiring 
high chemical and electrical knowledge. 

His marked liking for scientific'pursuits was early shown; thus, 
when about 10 years old, and wheu on account of his father’s health 
a winter had to be passed in Madeira, he made a collection of the 
beetles of that island, and, again, a year or two later, he collected, 
ground, and polished a number of geological specimens of the rocks 
at Clifton, About this time, also, he began photography, his apparatus 
consisting of. a little wooden box .made by the village carpenter whicii 
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served as camera, and a common magnifying glass in a pill-box 
for lens. With this humble outfit he produced some very respect¬ 
able photographs, and it was not long before his perseverance 
attracted the attention of a friend who made him a present of a 
camera and lens, with which he made further and rapid progress. 
What his ultimate attainments in photography were, especially in 
Alpine photography, it is scarcely necessary to say. The Exhibition 
of his Alpine and Caucasian Photographs, which was lately open at 
the Gainsborough Gallery, was probably unique, for few men, if any, 
joined, as he did, great powers as a mountaineer to great skill in 
photography. 

Besides making a name for himself as scientist and climber, 
Mr, Donkin was also an excellent musician, having inherited the 
talent from his father. Many may still recollect the family quarterts 
in which he played the viola. His steadiness and experience was 
such as to make him a useful addition to a performance even when 
professional artists of the highest rank were playing, and of late 
years he took on several occasions the viola part in quartetts and 
quintetts led by Joachim. He also did much towards furthering 
the cause of music in the people’s concerts in the East End, and was 
always ready, at whatever inconvenience to himself, to help where 
his aid was asked. 

In 1884, Mr. Donkin became Honorary Secretary of the Photo¬ 
graphic Society, and in 1885 of the Alpine Club. In 1880, he went 
to the Caucasus with Mr. C. T. Dent, now the President of the 
Alpine Club, and last year he made a second expedition there, taking 
as companion Mr. H. Fox, and Mr. Dent again accompanying him. 
Mr. Dent was compelled to return through illness, and Mr. Donkin 
and Mr. Fox with their two Swiss guides continued their moun¬ 
taineering. On the morning of the 29th or 30th of August, the 
party started to cross a glacier pass at the eastern base of the great 
peak marked on the Russian map as Dychtan, with the intention ot 
bivouacking beyond the pass, and attempting the peak next day by 
its south-eastern face. They were never seen again, and it is probable 
that some disaster must have overtaken the travellers and their guides 
in the attempt on Dychtan. Few men have been more widely 
mourned than Mr. Donkin; his modesty, unselfishness, and fine cha¬ 
racter endeared him to all with whom he caine in contact, and his 
death has caused a blank in many quarters which it will not be easy 
■■to fill. 

' Henry W. Field, a son of■ John Field (an, officer 1 of 1 the Royal 
Mint),'was born 23rd' March, 1803. His early training was; in 
London, and also under a clergyman in 'Warwickshire. 1 
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In IBIS, at the early age of 15, lie received an appointment by Sir 
James Morrison as an extra clerk in the Royal Mint. In 1885, he 
began to study chemistry at Guy’s Hospital under Aikin and Barry, 
and then assisted as an amateur in the Queen’s Assay Office under 
Mr. Robert Bingley, also in the Master’s Assay Office under Mr. 
Beckwith. 

In 1850 and 1851, great changes were made in the Mint in all the 
departments, Mr. H. Bingley resigning, and the Master’s Assay Office 
being abolished; the work of that department w r as then divided 
between Professor W. A. Miller and Professor Graham, under the title 
of 44 "Non-resident Assayers.” 

The Queen’s Assay Office continued to carry on its work, and 
Mr. Field was appointed by die Master, Sir John Herschel, to 
succeed Mr. Bingley, with the title of 44 Chief Assay er,” and in this 
position he continued for 20 years, viz., until his resignation in 
1871. 

Boring Mr. Field’s connection with the Royal Mint, he had fulfilled 
a career of increasing usefulness to the country for a period of more 
than 51 years, and during four reigns, namely, part of George HI, 
that of George IV, William IV, and Victoria. 

He died at Brighton in June, 1888, at the age of 85. 

Bin David S. Price, superintendent of the Technological Museum 
at the Crystal Palace, died at Margate, after a protracted illness, on 
Monday, August 6th, 1888. He was the sou of the late Dr. Price, of 
Margate, and was well known as a practical chemist. His researches 
on aniline dyes and in other branches of chemical manufacture, have 
led to important results; he was also the inventor of the very durable, 
pavement now laid down on the roadway of London Bridge, besides 
having been concerned in many other prominent works. He was a 
Fellow of the Institute of Chemistry, and was the author of a 
number of papers on chemical subjects. Bin Price’s long connection 
with the Crystal Palace made him a w r ell-known figure there; the 
Technological Museum at that place was due to his energy. 

..Joseph Denham Smith was horn in London in the year 1817, and 
.died at his residence, Fair Lawn, Combe Wood, Kings ton-on- Thames 
December 11th, 1888. 

Inheriting from his father great perseverance and shrewdness of 
character, and endowed with rare intellectual gifts, he was, as a 
young man, a careful student and a great reader, and" afterwards, 
from his large acquaintance with English literature, a master of the 
English language. 

Early in life, he decided on making chemistry/and its allied 
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sciences bis special work, and with the great patience be brought to 
bear on every subject, be was singularly fitted for work of this kind, 
which necessarily demands care and thoughtfulness. 

In 18A3, he entered the laboratory of Mr. Bichard Phillips, F.R.S., 
one of the leading chemists of that day, and one of the first Presidents 
of our Society. Mr. Phillips was selected by the London College of 
Physicians in 1836 to revise the Pharmacopceia Londmiensis , and it 
was at that time that Mr. Denham Smith acquired the knowledge of 
Air. Phillips’s scientific view r s and methods of investigation which 
enabled him in 1851 so satisfactorily to edit and superintend in its 
passage through the press Air. Phillips’s translation of the Pharma - 
copcpAa of that year, which the author did not live to complete. 

At this time also, Air. Smith began to contribute various papers 
and reviews to the Aledical Journal, Philosophical Aiagazine, and 
Chemical Gazette, of w T hich the following, published between 1835 and 
1852, may be mentioned :—■“ On the Composition of Iodide of Iron,” 
“ On the Analysis of German Silver and the Separation of Zinc from 
Bickel,” “ On the Separation of Barytes and Strontia,” 44 On the 
Composition of the Carbonate of Zinc,” 44 On the Hydrates of Barytes 
and Strontia,” 44 On the Detection and Estimation of Colophony 
when Dissolved in Fixed Oils,” 46 On the alleged Conversion of 
Carbon into Silicon,” 44 On the Constitution of Sub-sulphates of 
Copper,” 44 On the Composition of an Acid Oxide of Iron,” 44 On the 
Composition of South American Guanos, with mode of Estimating 
Ammonia and process for Separating Lime and Alagnesla when in 
combination with Phosphoric Acid,” “ On Early Egyptian Che¬ 
mistry,” 44 Separation of Cobalt and ATickeland in later years 
Air. Smith published various papers conjointly with his partner, 
Air, Teschemacher, and his nephew, Mr. Bussell Smith, on the 
analyses of many of the minerals and drugs met with in commerce. 

Prom the laboratory of Air. Phillips, the subject of our memoir 
went to superintend the working out of various special processes at 
some of the largest chemical works in the country, and for some years 
had the entire management of the Iron Smelting Works at Work¬ 
ington. 

Having by this time acquired a wide knowledge of chemistry, 
both scientific and manufacturing,, he was asked in 1852, and con¬ 
sented, to enter into partnership, at Highbury, with his friend, Air. E. 
P. Teschemacher, the elder, who was the earliest professional analyst 
in London, indeed in the kingdom; and on the death of Air. Tesche¬ 
macher in 1862, Mr, Denham Smith became the senior member of 
the firm of 44 E. P. Teschemacher and J. Denham .Smith,” first with 
Air. E. P. Teschemacher, the younger, and then with Ms nephew. 
Air. H. Bussell Smith, until the day of his death, , 
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His scientific attainments, his practical knowledge of manufacturing 
chemistry and metallurgy, rendered his professional opinion and 
assistance highly valued and widely sought after by many of trie 
leading merchants and manufacturers in this country. 

Mr. Denham Smith was one of the original members of the Chemical 
Society on its formation in 1841, and there now survive him six others 
of those constituting the Society in that year. 

On December 11th, 1888, he died, after a long and trying illness, 
borne with patience and calmness. 

Mr. Joseph Storey was the youngest son of the late Mr. Isaac 
Storey., and was born at Bardsea, near Ulverstone, in the year 1833. 
His father afterwards removed to Lancaster, where he carried on a 
successful private school until his death at a comparatively early 
age. 

Having received the ordinary school education, Mr. Joseph Storey 
entered the employment of the large firm of table baize manufacturers 
carried on by his elder brothers in Lancaster. After some time spent 
in this occupation, Mr. Storey went abroad, and on his return to , 
England he entered as a student at Owens College, Manchester. 
There he passed two years, working principally at chemistry under 
Professor E. Frankland. 

After the completion of his chemical studies, Mr. Storey settled in 
Lancaster, where he became engaged as consulting chemist to the 
firm of his brothers, and manager of certain branches of their manu¬ 
facture, in which his chemical and technical knowledge was of great 
service. 

While continuing this employment, his energy found an additional 
scope in the establishment of a chemical works on his own account; 
where he manufactured a number of miscellaneous articles, hut more 
especially colours produced from picric acid and other derivatives of 
phenol. The early age in which he became engrossed in the practical 
application of chemistry had not enabled him to keep up with the 
more recondite developments of the science; but he had great experi¬ 
mental skill and aptitude, and was fertile in resources for encountering 
and overcoming manufacturing and technical difficulties. 

For the latter part of his life, Mr. Storey had to contend with 
increasing' ill health, and he died in the spring of 1888, to the grief 
, aot' only of his own immediate family circle, but to that of the large 
number of friends to whom he was endeared for his frank and genial 
character.. 

„ William .Wallace, was bom in Edinburgh in the year 1832.' , He 
was the son of an artist, of .celebrity, 1 .who,,survived to see him well 
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advanced in the study of chemistry, a pi’ofession which lie had chosen 
in preference to his father’s. His early education was acquired in 
Glasgow, however, to which city his family had removed when he 
was but eight years of age. For a considerable portion of Ms early 
life, he w r as a pupil at the High School of Glasgow, where, under the 
training of Messrs. Connell, Woolski, and other masters of note, he 
distinguished himself by bis receptiveness and industry. At the age 
of 15, he began to attend tlie evening popular courses of chemistry 
given by the late Dr. Frederick Penny at Anderson’s College, 
Glasgow, and was so captivated by what he heard and saw that he 
resolved to devote himself to the subject, and with that object became 
a regular student in that laboratory, where for several years he 
laboured with great assiduity, his material ability and skill in im¬ 
proving apparatus and methods commanding the esteem of all who 
knew him, while his gentlemindedness won for him many friends. 
With .the object of extending his know T ledge of organic chemistry, he 
then w T ent to Liebig’s laboratory at Giessen, where he remained for 
two years, and took the usual degree; and there can be no doubt that 
the great master’s style influenced all his teaching and practice through¬ 
out his after life. On returning to Scotland, he became Laboratory 
Assistant to Dr. Penny, a post -which he held for many years, and 
when this eminent lecturer’s health failed he carried on his lectures. 
About the year 1856, he began business in Glasgow as an analytical 
and consulting chemist, and from the first it was manifest that success 
would attend this effort, a result due to his rare combination of per¬ 
severance, firmness, and a keen perception of the practical bearings of 
all his work. Already he had devoted much time to the technology 
of “coal-gas” and of sugar refining, subjects on which, as -well as 
in sewage matters and questions relating to water supply, he was 
justly regarded as a high authority. In the year 1870, he associated 
himself in business with Mr. R. R. Tatloek and Dr. John Clark, and 
the partnership, one of the most successful of the kind in the country, 
was carried on for about 18 years. About the same time he was 
appointed Gas Examiner to the City of Glasgow, and four years later 
one of the Public Analysts for that city, offices which, with 
numerous public appointments, be retained till his death, which took 
place on the 5th "November, 1888, at the too early age of 56. For two 
or three years previous to his decease, he suffered from declining 
health, but his keen sense of duty debarred him from taking the rest 
his complaint required, and he was able to attend to his business 
with comparatively little interruption until within a month of bis 
decease. ■ He was for more than a quarter of a century a Fellow of 
the Royal Society of Edinburgh and of the Chemical Society, and his 
contributions to various' branches of applied chemistry and kindred 
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subjects were both numerous and valuable. The following are the 
more important of these :— 

u On the Chemistry of Sugar Refining, with special reference to 
Smear.” “ On Animal Charcoal, particularly in relation to its use for 
Sngar Refining.” “On the Chemistry of Sugar Manufacture an cl 
Sugar Refining.” “ On the Chemistry of Sugar Refining.” “ On the 
Bone Charcoal of Sugar Refiners.” £i On the Economical Combustion 
of Coal-gas.” “ On the Bunsen Burner.” “ On the Heating Power 
of Coal-gas of different qualities.” “ On the Composition of a peculiar 
Wafer.” “On the Conditions in which Sulphur exists in Coal.” 
“ On the Chemistry of Sewage Precipitation.” “ On the Decay of 
Building Stones.” “ On the Decline in the Use of Coffee.” “ On 
some peculiar Specimens of Pig Iron.” 

Dr. Wallace was a member of the Philosophical Society of Glasgow 
for 34 years, and filled the office of President for three years, beginning 
1882, At a meeting of that Society held 9th January last, a memoir 
relating to his life and work was read by the Secretary, Mr. John 
Mayer, F.C.S., and authorised for publication in Vol. XX of that 
Society’s Proceedings, and which through the kindness of the 
Secretary has been consulted in preparing this note. 

John Williams was born in London on the 9th of March, 182L 
His father was for many years Secretary of the Royal Astronomical 
Society, and a prominent member of other learned bodies. 

As a youth, the subject of our notice entered the service of the late 
Mr. Thomas Morson, of Southampton Row, and while there attended 
the courses of instruction given in the then newly established School 
of Pharmacy of the Pharmaceutical Society, Pownes being the Pro¬ 
fessor of Chemistry, Having passed the necessary examinations, he 
became a pharmaceutical chemist, and, in due course, a member of 
the Pharmaceutical Society. 

In 1849, he associated himself with Mr. W. King Hopkin to 
establish the firm of Hopkin and Williams, and Mr. Williams being a 
Hound chemist, the firm soon gained a reputation for fine chemicals 
and chemically pure preparations. 

Mr. W iHiatus took considerable interest in the educational and 
scientific work of the Pharmaceutical 'Society, was for many years a 
member of its Council, and filled the offices,both of Treasurer and 
President. In 1883, he was President of the British Pharmaceutical 
Conference, and at the time of his death, a Vice-President of the 
Society; of Chemical Industry. He was also for a time a member of 
Council of the Chemical Society, and one of the original Fellows of 
the' Institute of Chemistry.- Mr. Williams read many papers on 
chemical subjects before the Pharmaceutical Society, Pharmaceutical 
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Conference, and the Chemical Society, and was always generous in 
giving practical advice, and, when necessary, pore specimens of 
chemical substances to scientific chemists engaged in original in¬ 
vestigations. 

Air. Williams had been in failing health for several years, and 
retired from business about a year ago. He died, at his residence in 
Warwick Gardens, on the 3rd of March, 1889, within a few days of his 
sixty-fifth year, and v T as buried in Highgate Cemetery. 
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XXXIII.— Contributions to our Knowledge of the Isothiocyanates . 

By Augustus E. Dixox, M.D., Assistant Lecturer in Chemistry, 
Trinity College, University of Dublin. 

Our knowledge of the benzylated derivatives of tliiocarbamide is 
very limited, and I therefore considered it desirable to prepare a 
few of these com pounds, in order to examine their chief properties, 
and to fill in some of the vacant places in the series. Accordingly 
the first two compounds described in this paper are the symmetrical 
dialkyl thioearbaniides, benzylethyl - and benzylpheriyl-thiocarbamide. 

The next three compounds (< etlvylphenylsmiithiocarbazide , acetyl- 
phenylsemith iocarbazide , and benzoylphenylsemithiocarbazide) are 
,hydrazine-derivatives. Their preparation was undertaken partly in 
order to ascertain whether the reaction between the thiocarbimicles 
and hydrazines is a general one, and partly in order to compare the 
properties of the ethyJpkenylsemithiocarbazide with those of a meta- 
merie compound obtained and described by Fischer. 

Further, all the compounds containing acid radicles were incident¬ 
ally produced during an investigation into the chemistry of the thio- 
oarbimkles derived from the acid radicles of acetic and benzoic 
acids. The substances thus obtained and described in detail later on 
are the acetylphenyl - and benzoylpheiiyl-semithiocarbazides already men¬ 
tioned, a cetylorrliatolyltkiocarham ule , and benzoyletkylphenylthiocarb- 
amide , a tertiary derivative of tliiocarbamide. 

I. EthjUmizyltldocarbamide, 

Ethylthiocarbimide and benzylamine in molecular, proportion were 
separately dissolved in alcohol. On mixing the solutions, much heat 
was evolved; and on evaporating the alcohol at a gentle heat a mass 
of white crystals was obtained, consisting of ethylhenzyltlducarb- 

amide — 

ca-xcs + c 6 h 5 -ch 3 -xh = = cs<|g;gg: CfiH . 

The yield is practically quantitative. 

When recrystallised from dilute alcohol, the substance forms long, 
white, shining needles melting at 102—103°. 

Analytical data:—■ 

- 0*2201 gram,, burnt with CuO and copper gauze in front, gave 27*4 c.c. 
nitrogen at 14*5° and 759 mm, 

; Or, N =: 14*51 per cent. 
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O'SOSO grain evaporated to dryness with NaOH in a nickel crucible 
and fused with KX0 3 gave 0*3610 grain BaS0 4 , 


Or, S = 16*38 per cent. 

Calculated for 

C lu H i4 X £ S. Experiment. 

ST ..... 14 46 . 14*51 

S.. 16*51 16*38 


Ethylbenzyltkiocarbami&e is slightly soluble in boiling water, and 
separates on cooling as an oily liquid, which soon solidifies to octa¬ 
hedral crystals. It is easily soluble in alcohol, ethex*, and chloroform, 
moderately soluble in benzene, and sparingly in carbon disulphide. 

Amnxouiacal nitrate of silver produces instantly, in the cold, a black 
precipitate of silver sulphide; but it is remarkable that the substance 
is not desulphurised in either aqueous or alcoholic solution by boiling 
with alkaline lead tartrate. The boiling alcoholic solution is gradu¬ 
ally desulphurised by yellow oxide of mercury, but the product (a 
solid substance, which consists, presumably, of either ethylbenzvl- 
earbamide or a cyanamide) has not yet been obtained in a sufficiently 
pure state for analysis. 

II. Phenylbenzylthiocarbamide . 

Pure benzylamine was dissolved in about half its volume of alcohol, 
and to the solution was added an alcoholic solution of pkenylthioearb- 
iinide in the proportion demanded by the equation— 

CeHs-XCS + OH.-CH.-NH, = GS <f h-cSc’JT; 

Much heat was developed, and fine rhombic crystals almost imme¬ 
diately began to separate, some floating on the surface, and rapidly 
growing to a considerable size. These crystals are pure white, with 
a greasy lustre, and closely resemble thiocarbamide in appearance. 
The yield of crude substance amounted to 94 per cent, of the theo¬ 
retical. On recrystallisation from. alcohol, in which it is moderately 
soluble, phenylbenzyUhiocarbamide caine down in shining, white, short, 
thick prisms, melting at 153-^154°. 

A sulphur determination gave the following result 

0**2409 gram treated with NaOH and KNO s gave 0*2263 grain 
BaS0 4 , 

Or, S = 12*91 per cent. r 

Calculated for C 14 H U N 2 S, S = 13*23' „ 

The substance is insoluble in water, soluble in alcohol and ether, an$ 
sparingly soluble in carbon disulphide. Ammoniacal nitrate of silver 
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gives immediately a "black precipitate in the cold, whilst the solution 
is readily desulphurised "by boiling with alkaline lead tartrate, with 
formation of a speculum on the sides of the tube. 


III. Bth ijlpJienyhem. ithiocarbazide. 

Alcoholic solutions of ethylthiocarbimide and phenylhydrazine were 
mixed in quantities demanded by the equation— 

C a H s -NCS + CJL-XH-XH, = C S <§ HA S H 5 ' 

The mixture was gently warmed until the pungent odour of etliyl- 
thiocarbimide had almost disappeared. On cooling, crystals sepa¬ 
rated. These, after being collected and pressed, formed a carroty-red 
mass, which on washing with alcohol became nearly white. The 
crystals change colour rapidly in the air, becoming first red and then 
greenish-bine. The crude product was dissolved in boiling alcohol, 
in which it is very freely soluble. On cooling, beautiful tufts of 
vitreous prisms separated, forming a network which penetrated the 
whole mass of liquid. After one or two more recrystallisations from 
alcohol, the substance was found to be sufficiently pure for analysis. 
Melting point 121—122° without decomposition. 

Analytical data:— 

0*2353 gram treated with NaOH and KNT0 3 gave 0*2736 gram 
BaS0 4l 

Or, S = 15*98 per cent. 

0*1825 gram, burnt with CuO and copper gauze in front, gave 
33*2 c.e. nitrogen at 11° and 763 mm., 

Or, IX = 21*76 per cent. 

Calculated for 

C 9 H 13 N 3 S. Experiment. 


R.... 21*58 21*76 

S. 16*42 15*98 


Ethylphenyhemith iocarbazide when pure is' not discoloured by expo¬ 
sure to air; it is almost insoluble In water, very easily soluble in hot 
alcohol, moderately in cold, soluble also in ether and chloroform. 
The solution in alcohol or warm water gives, on addition of a few 
drops,of ferric chloride solution, a blood-red colour, changing rapidly 
to a deep blackish-green; this reaction is very delicate. Copper 
.sulphate produces a bright'grass-green colour, which is destroyed by 
ammonia, with production of a black precipitate. Ammoniacal nitrate 
of,silver produces a white, curdy precipitate, which is decomposed 
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on boiling, while a brilliant mirror of silver sulphide separates out 
on the sides of the tube. 

The melting point, as already stated, is between 121° and 122°; it 

NTJT'C fi¬ 
ls worthy of note that a metameric compound, C S <jj 5 

obtained by Fischer from phenylthiocarbimide and ethyl hydrazine 
(Ann., 199, 296), is recorded as melting at 109—110°. An attempt 
was made, by treating the warm alcoholic solution with mercuric 
oxide, to obtain a desulphurisation-product, either— 

nn .^H-C,H, p ASrChEo 

ou< -js t h-nh-c 6 h s or l< ^x-nh-c 6 h 5 - 

The desulphurisation is readily effected, but the decomposition pro¬ 
ceeds further, and effervescence takes place with evolution of gas 
containing carbon oxysulphide. 


IY. Acetylphe?iy Isemithiocarbadde. 


Acetylthiocarbimide and phenylhydrazine in molecular proportion, 
each dissolved in pure anhydrous benzene, were mixed together. So 
much heat w T as evolved that the liquid at once began to boil freely, 
and in a few moments a sticky mass of brown, oily droplets fell to 
the bottom of the Bask, which mass slowly deposited crystalline 
matter, and as the benzene evaporated, a further quantify of solid 
matter separated. The whole was drained on the filter-pump, the 
residue pressed between folds of bibulous paper, and recrystallised 
from hot benzene. The product was washed with benzene, dried, and 
again recrystallised from boiling alcohol. Thus was obtained a small 
quantity of short, thick, white prisms, melting at 178—179° without 
decomposition. The yield is very small. 

A sulphur determination gave the following result:— 


0*2993 gram, treated with NTaOH and KK0 3 , yielded 0*3346 grain 
BaSCh, 


Or, S = 15*36 per cent. 
Calculated for C 9 H U 1S T 3 S0, S = 15*47 


The reaction may be represented thus:— 

CHa-CO-NCS + C a H 5 -NH-NH. = 

Ammoniaea! silver nitrate solution gives a bulky, white precipitate, 
which slowly darkens on boiling, ■ The' substance is scarcely 
desulphurised even on continued boiling with alkaline lead solution* 
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V. Benzoylph eny Isemith wca rlazvle. 

Benzoyltlii oearbimi cle and phenylliydrazine in molecular proportion, 
both largely diluted with, anhydrous ether, were gradually mixed, the 
flask beine* cooled by immersion in water. The substances combined 
with riolent — almost explosive—action, and solid matter separated 
out till the liquid became pulpy. The pulpy mass was drained, 
pressed, and recrystallised twice from boiling alcohol, in which it is 
somewhat sparingly soluble. Thus purified the substance forms 
tangled wisps of pure white, silky needles, resembling asbestos in 
appearance. It does not melt at 220 c , and fails to reduce alkaline 
had solution, even on prolonged boiling. 

Analytical data:— 

0*3060 gram, treated with XaOH and EXSTCq, gave Q‘26G0 gram 
BaS0 4 , 

Or, S = 11*68 per cent. 

0*2*225 gram, burnt with CuQ and copper gauze in .front, gave 
29*6 c.c. nitrogen at 13 C. and 768*5 mm. 

Or, N = 15*89 per cent. 

Calculated for 

C 14 H r<J X a SO. Experiment. 


N'... 15*53 15*89 

S. 11*82 11*68 


The following equation represents the interaction:— 

C,H,-CO-SrCS + CAXH-XH, = 

YI. AcetylortJiotolyWiiocarhamide . 

Acetylthiocarbimi.de was added, drop by drop, to a solution of 
orfchofcoluidine in anhydrous alcohol. Energetic action took place, 
and solid matter separated, .which was collected, dried with bibulous 
paper, and dissolved in boiling alcohol. On cooling, brilliant prisms 
separated, pale lemon-yellow in colour, and melting* without decom¬ 
position at 184°. 

1 Analytical data :— 

.0*6400. gram, on treatment with NaOH and KN0 3 , gave 0*7466 
gram BaS0 4 , 

Or, S = 16*03 per cent. 

‘0*2375 gram, burnt with CuO and copper gauze in front, gave 
27 c.c. nitrogen at 10° C. and 759 mm. , 1 \ 

Or, 1ST = 13*59 per cent, 
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Calculated for 

C 10 Hi» 2 X 2 SO. Experiment. 


N .. 13*48 13*59 

S . 10*68 16*03 


The reaction is expressed thus :— 

prr 4. f 1 TT E'C^H^CHg 

OHaOO^Ob + G 6 H4< nh# - Cb< 3m . C0 . CHs . 

The substance is insoluble in water, soluble in alcohol. Silver nitrate 
produces immediately, in the cold, a black precipitate, and the solution 
is also readily desulphurised by boiling with alkaline lead tartrate. 

Y FI. Benzoyl])henylethylthiocarbamide. 

Benzoylthiocarbimide was added to ethylaniline diluted with a 
little ether. Heat was evolved, and, on cooling, the mixture solidified 
to a pasty mass of yellow crystals. These were drained, pressed, and 
recrystallised twice from alcohol, from which the substance separates 
in well-formed, pale lemon-yellow prisms, melting with decomposi¬ 
tion at 133—134°. 

Analytical results:— 

0*2069 gram, burnt with OuG and copper gauze in front, gave 
17*3 c.c. nitrogen at 12° C. and 764 mm. 

Or, N = 9*97 per cent. 

0*2041 gram, treated with NaOH and KXF0 3 , gave 0*1780 gram 
BaSO* 

Or, S = 11*98 per cent. 

Calculated for 

C i6 H 16 N 2 SO. Experiment. 


H. 9*88 9*97 

S. 11*28 11*98 


Tims the expected trisubstituted thioearbamide has been pro¬ 
duced ;— 

C s H 5 -CO-XCS + C,H 6 -NH*C 2 H 5 = CS<™ c ^. 6 ^ 5 

The substance is insoluble in water, soluble in alcohol and ether. 
Like other trisubstituted thiocarbamides, it shows itself very stable 
towards chemical reagents. With alcoholic silver nitrate, a white 
precipitate is formed, soluble on warming, and coming down again as 
the solution cools; this precipitate is not blackened by ammonia, even 
on continued boiling. Neither is the solution in alcohol desulphurised 
by boiling with alkaline solution of lead. 

; Chemioal Laboratory, * 

University of Dublin. 

TOL.LY. 
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XXXIY .—On Thiophosphonjl Fluoride. 

By T, E. Thorpe, F.R.S., and J. W. Rodger, Associate of the 
Xormal School of Science, S, Kensington. 

In a short paper bearing the above title, published in the Transac¬ 
tions of the Society during the summer vacation of last year (Trans., 
1888, 53, 766), we announced the existence of a new gaseous sub¬ 
stance of the formula PSF 3 , to which we gave the name of thh- 
phosphorijl fluoride. The present communication contains the results 
of the experiments which have served to establish the nature and 
composition of the new compound. 

Arsenic trifluoride acts with great violence on phosphorus penta- 
chloride, with the formation of phosphorus pentafluoride and arsenic 
trichloride (Thorpe, Five. Boy. 3oc 25,1*22). Phosphorus trichloride 
mixes with arsenic trifluoride, and on gently warming, the mixture 
evolves the gaseous phosphorus trifluoride (Moissan, Ann. Ohim. 
Phi}*. [6], 6, 433). 

The behaviour of tkiophosphoryl chloride with arsenic trifluoride is 
however very different. If arsenic trifluoride is dropped into phos¬ 
phorus thiochloride in the cold, or if a mixture of the two compounds 
is boiled under ordinary pressures, no action Takes place. When, 
however, the mixture is heated in a sealed glass tube at 170°, 
arsenious sulphide separates, and on cooling and opening the tube 
considerable quantities of gas are evolved. The nature of the gaseous 
product varies with the relative proportions of the arsenic fluoride 
and phosphorus thiochloride. If the reacting substances are heated 
in the proportions demanded by the equation— 

AsF 3 + PSCls = AsC 1 3 -f PSF 3 , 

analysis shows that about ^tli of the gas produced consists of tliio- 
pbosphoryl fluoride, the remainder being made up of the fluorides of 
phosphorus and silicon. As the amount of the tkiophosphoryl 
chloride is increased relatively to that of the arsenic fluoride, larger 
proportions of phosphorus tkiofluoride are produced, until w T hen 
four equivalents of tkiophosphoryl chloride are used to one equivalent 
of arsenic fluoride, the gas evolved is spontaneously inflammable, and 
exhibits in general the characteristic features of the pure tliio- 
phosphoryl fluoride. It was found impossible, however, to entirely 
prevent the formation of silicon tefcrafluoride and phosphorus, tri¬ 
fluoride by this means, and although our subsequent experience with 
the gas'has enabled us to devise a method, for separating these 
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compounds from thiophosphoryl fluoride, it was evident from the 
relatively large quantity of arsenions sulphide invariably produced, 
that the method, even apart from the manipulative difficulties of 
working with sealed tubes containing gas under pressure, was neither 
a convenient nor an economical mode of preparing the new substance. 

If arsenic trifluoride is heated with phosphorus pentasulphide in a 
sealed glass tube, the gas evolved consists mainly of silicon tetra- 
fiuoride. Lead fluoride, however, readily reacts, on heating it with 
phosphorus pentasulphi.de, producing thiophosphoryl fluoride in con¬ 
siderable quantity— 

P,S 5 + 3PbF 2 = 3PbS + 2PSF 3 . 

A mixture of red phosphorus, sulphur, and lead fluoride also gives 
rise to thiophosphoryl fluoride, but if the materials are used in the 
proportions required by the above equation, the reaction is extremely 
violent. It may, however, be moderated by using a large excess of 
lead fluoride. The mixture should be placed in a thin layer in a 
glass tube of narrow bore and which is gradually heated from behird 
forwards, so that the gaseous product as it is formed passes over the 
cold anterior portions of the tube and materials. 

Bismuth trifluoride may be used instead of lead fluoride in the re¬ 
action, but in this case a brass tube must be employed, • as the 
temperature at which the gas is evolved is considerably higher, and 
large quantities of phosphorus trifluoride are apt to be simultaneously 
formed. 

On tbe whole, we found that the most convenient method is to heat a 
mixture of lead fluoride and phosphorus pentasulphide, but in ordtr 
that the, gas shall be obtained pure, certain precautions are abso¬ 
lutely necessary. Thiophosphoryl fluoride is readily altered by con¬ 
tact with air and moisture: hence it is necessary that the materials 
should be perfectly anhydrous, and that every trace of free oxygen 
should be absent. Moreover, as the gas is readily decomposed by 
heat, it is desirable that it should be produced at the lowest possible 
temperature. The best method of procedure is as follows: A 
quantity of freshly prepared phosphorus pentasulphide, made from 
washed and perfectly dry amorphous phosphorus and powdered roll 
sulphur, is quickly pounded with the requisite quantity ■ of pm e 
freshly fused lead fluoride, and the mixture is placed,in a thin 
uniform layer in a dry leaden or {f composition ” tube, open at both 
ends. One end of the tube is fitted with a caoutchouc cork and glass 
delivery tube, whilst the other is attached to an apparatus yielding a 
supply of pure dry nitrogen. The air within the tube is rapidly 
swept out by the dry nitrogen, and the'tube is gently heated in order 
to get rid of any sulphuretted hydrogen 'produced by" the action of 

./■ ' ‘ ■' ." ''' 2h2' 
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atmospheric moisture on the phosphorus pentasnlphide. When the 
tube is completely filled with nitrogen, the current of this gas is 
stopped and the leaden tube is heated from behind forwards by a 
small Bunsen flame. The reaction begins at about 170°, and as it is 
advisable to keep the temperature as low as possible consistent with 
the production of the gas, it should not exceed 250°. The gas is 
collected over dry mercury and may be stored in a glass gas-holder. 
The gas-holder should contain a few fragments of quicklime, the 
pores of which should be freed from air by passing small quantities 
of dry nitrogen into the gas-holder and repeatedly exhausting by 
means of the Sprengel pump. The thiophosphoryl fluoride is not 
allowed to pass into the holder until a sample is wholly absorbed by 
a dilute solution of potash or ammonia. In order to get rid of the 
small quantity of nitrogen adhering to the lime, as soon as two or 
three cubic centimetres of gas have entered the holder, the latter is 
connected with the Sprengel pump and the gas and nitrogen sucked 
out, this operation being repeated twice or thrice. The rest of the 
gas is passed into the holder, and after standing for a day or so over the 
lime, which removes the phosphorus fluoride and any traces of silicon 
tetrafluoride, is pure thiophosphoryl fluoride. 

Determination of Vapour-density .—A bulb of about 240 c.c. capacity 
and fitted with, tubes and stopcocks, as seen in Pig. 1, after being 


Pin. 1. 
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cleaned and weighed, is placed in a bath of water and filled with dry 
nitrogen. The bulb is then connected with, a small mercury gas¬ 
holder, containing thiophosphoryl fluoride, made and purified as 
above described, and the nitrogen is slowly displaced from below 
upwards by the thiophosphoryl fluoride. The exit-tube of the bulb 
is attached to a piece of glass tubing, which dips a short way under 
mercury, so as to cut off the direct connection with the air. The 
bulb is immersed in the bath nearly to the level of the stopcocks, and 
a current of cold water, carrying with it a stream of air-bubbles, is 
allowed to enter at the bottom of the bath, and flow away at an open¬ 
ing near the top. The stream of air-bubbles is sufficiently strong to 
keep the mass of the water in circulation, and thus tends to render 
the bath of uniform temperature. When all the gas has passed over, 
the cocks of the bulb are turned, the tube dipping under the mercury 
removed, one cock momentarily opened to equalise the pressure, and 
the temperature of the bath and the height of the barometer noted. 
The dried bulb, after standing in the balance-case for about an hour, 
is then re-weighed. 

To determine the amount of the residual nitrogen, the entry-tube 
of the bulb (both stopcocks being closed) is connected by means of 
caoutchouc tubing with a large burette containing a dilute solution of 
pure caustic potash. The potash is caused to fill the caoutchouc tube 
and the entry-tube of the bulb up to the stopcock. The stopcock is 
next opened and the potash allowed to enter the bulb. The gas is 
slowly absorbed, the bulb being meanwhile immersed in a vessel, of 
water at a constant temperature. When the absorption is complete 
and the contents of the bulb are brought to the temperature of the 
water, the levels of the liquid in the bulb and burette are equalised, 
and the burette reading taken. The burette is then raised, and the 
stopcock of the exit-tube of the bulb is carefully opened. The level 
of the potash solution within the bulb rises until it reaches the stop¬ 
cock, which is then closed, when the levels are again equalised and a 
second reading on the burette taken. The difference between the two 
readings gives directly the volume of the residual nitrogen at the 
temperature of the bath, and under the atmospheric pressure. 

' The details of two experiments carried out in this way are as 
follows: — 
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I. 

Capacity of bulb at 15*8° and 776 mm....... 239*86 c.c. 

Weight of bulb in air at 17*1° and 771 mm... 59*7543 grams. 

Weight of bulb in air at 17*0° and 771 mm. 
filled -with gas and residual nitrogen at 

10*7 C and 771 mm. 60*3954 „ 

Volume of residual nitrogen at 11*3° and 

771 mm. 78*9 c.c. 

Reduced weight of gas and residual nitrogen 0*9372 gram. 
Weight of nitrogen ... 0*0964 „ 


Weight of thiophosphoryl fluoride...... 0*8408 

Volume of gas + residual nitrogen at 0° and 

760 mm..... 234*15 c.c. 

Volume of residual nitrogen at 0° and 760 mm. 76*86 c.c. 


Volume of thiophosphoryl fluoride ...... 157*29 „ 

157*29 c.c. of thiophosphoryl fluoride weigh. 0*8408 gram. 

1000 c.c. of thiophosphoryl fluoride weigh... 5*3455 „ 


Vapour-density (H = 1) = 59*66. 


II. 

Capacity of bulb at 15*8° and 776 mm.. 239*86 c.c. 

Weight of bulb in air at 15*6° and 778 mm... 59*7282 grams. 

Weight of bulb in air at 15‘1 and 778 mm. 
filled with gas and residual nitrogen at 

7*7° and 778 mm..... 60*5274 „ 

Volume of residual nitrogen at 9*6° and 

777 mm..... 43*4 c.c. 

Reduced weight of gas and residual nitrogen 1*0995 gram. 
Weight of nitrogen. 0*0538 „ 


Weight of thiophosphoryl fluoride. 1*0457 

Volume of gas 4- residual nitrogen at 0° and 

760 mm. ....... 238*81 c.c. 

Volume of residual nitrogen at 0° and 760 mm. 42*86 „ 


195*95 „ 

195*95 c.c. of thiophosphoryl fluoride weigh . 1*0457 gram 

1000 c.c. of thiophosphoryl fluoride weigh.. *, 5*3355 „ 

Vapour-density (H = 1) = 59*56., 

The calculated vapour-density of PSF 8 is 60*0. 
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Analysis of Thiophosphoryl Fluoride .—The solution of the gas in the 
dilute potash was transferred to a 500 c.c. measuring flask, and the 
bulb carefully washed out and bromine-water added to the liquid 
until the colour persisted after repeated shaking, when the solution 
was diluted to the mark. In order to determine the sulphur, an 
aliquot portion of the solution was acidified with hydrochloric acid 
and mixed with barium chloride and the barium sulphate "weighed. 
To obtain the amount of phosphorus , a second aliquot portion of the 
liquid was treated with ammonium molybdate solution in the usual 
manner, and the precipitate converted into magnesium ammonium 
phosphate and weighed as pyrophosphate. The results were as 
follows:— 

I. One-fifth of a solution containing 0*8408 gram of gas gave 
0*3223 gram barium sulphate. 

A second fifth gave 0*1557 gram magnesium pyrophosphate. 

II. One-fifth of a solution containing 1*0457 gram of gas gave 
0*3992 gram barium sulphate. 

A second fifth gave 0*1924 gram magnesium pyrophosphate. 


Found. 


Calculated for ( -*- 

PSF 3 . I. II. 

Phosphorus. 25*83 25*85 25*69 

Sulphur... 26*66 26*32 26*22 

Fluorine . 47*51 — — 


100*000 


Properties of Thiophosphoryl Fluoride .—At ordinary temperatures 
thiophosphoryl fluoride is a transparent, colourless gas, which, under 
the application of about 10 to 11 atmospheres pressure, condenses to 
a colourless liquid. Neither the gas nor the liquid acts to any appreci¬ 
able extent on dry glass at ordinary temperatures. In air or oxygen 
the gas is spontaneously inflammable, and its oxidation products have 
a disagreeable, irritating smell, in which that of sulphur dioxide can 
readily be detected. Under the action of heat or the electric spark 
the gas is readily decomposed, with the separation' of sulphur and 
phosphorus and the formation of phosphorus fluorides. If the decom¬ 
position be, effected in a glass tube heated to a sufficiently high 
temperature, the gaseous ' product eventually consists entirely of 
silicon tetrafluoride. 

Thiophosphoryl fluoride' has no action on. mercury, oil of vitriol, 
carbon bisulphide, or benzene. In ether, it is soluble to some extent, 
and the solution burns with a greenish, flame. The gas is not readily 
dissolved by water, and dilute solutions of potash, soda, and ammonia 
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dissolve it only with comparative slowness. It unites with gaseous 
ammonia to form a white solid, and is completely absorbed by peroxide 
of lead. If passed over gently heated sodium the metal takes tire, 
and burns with a red flame, and the residual mass in presence of 
water evolves spontaneously inflammable phosphuretted hydrogen. 

As certain of these reactions are of considerable interest, we have 
studied them in detail. 

Action of Air on Thiophosphoryl Fluoride .—In contact with air, pare 
thiophosphoryl fluoride is speedily decomposed, the nature of the 
appearances attending the decomposition varying to a great extent 
with the conditions under which the admixture takes place. 

If a very slow stream of the pure gas be allowed to issue from a 
narrow platinum jet into the air, a white fume is instantly formed. 
Xo indication of flame is evident in daylight if the stream is 
sufficiently slow, but in the dark, the white fume is seen to be 
traversed in the vicinity o£ the jet by a blue, flickering flame. On 
increasing the current of the issuing gas the blue, flickering flame 
becomes more pronouoeed, and eventually travels back to the orifice 
of the jet, and ignites the stream. If the supply of gas is maintained , 
the gas continues to burn, giving off copious white fumes. The flame 
is greyish-green in colour, and is tipped with a faintly luminous dull 
yellow portion, a light-blue zone occurring close to the platinum jet. 

If, instead of allowing the gas to issue from a jet, a considerable 
bulk be suddenly permitted to come in contact vvith the air, the 
appearance is considerably modified. When the delivery tube of an 
apparatus in which the gas is being generated dips beneath the 
surface of mercury, and is surrounded by a piece of wide glass 
tubing about 6 inches long, open top and bottom, and with its lower 
end under the mercury, the wide tube becomes gradually filled with 
the gas, which is prevented from combining rapidly with the oxygen 
of the air by a layer of decomposition products formed from the first 
bubbles of the gas which entered the tube. When the tube is nearly 
filled with the gas, which may be ascertained by noting the position 
of the layer of fume which roughly indicates the line of separation of 
the gas and air, on lifting its lower end out of the trough the gas 
quickly falls clown on to the surface of the mercury, combination 
rapidly takes place, accompanied first of all by a beautiful blue flash 
of light followed by the greyish-green flame observed in the case of 
a jet of the gas. The shape of the flame indicates that the gas has 
spread itself for a considerable way over the surface of the mercury 
before combination ensues. If the layer of fume be allowed to rise 
above the 1 top of the tube, the gas is no longer protected from the 
action of the air,, and takes fire from above and burns with the greyish- 
green flame. 
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The action of air upon thiophosphoryl fluoride may be fur* her 
illustrated by rapidly mixing a small quantity of the gas contained 
in a glass vessel with a large excess of air. For this purpose a small 
glass gas-holder provided with a stopcock at the top and tubules at 
the bottom is filled with mercury and placed in the trough, the tubnlus 
being open, and a few cubic centimetres of the gas are next introduced. 
If the cock is now opened the mercury falls, and air rapidly enters 
the gas-holder. White fumes are at once formed, and increase in 
quantity with the amount of air until, when a certain volume has 
been introduced, a sharp explosion takes place accompanied by light 
and heat, and the mercury is forcibly ejected from the cylinder. 

Action of Oxygen on Thiophosphoryl Fluoride .—When a quantity of 
thiophosphoryl fluoride is passed into a confined volume of oxygen 
contained in a eudiometer standing over mercury, the fluoride, being 
about four times heavier than the oxygen, collects on the surface of 
the mercury, and burns quietly with a yellow flame, and a white 
fume is produced which quickly settles on the sides of the eudiometer. 
If the oxygen is passed into the gas, combination is more rapid, and 
a much denser deposit settles. When, however, the gas is gradually 
passed into the oxygen, that is, in a slow stream of small bubbles, the 
behaviour of the two gases is considerably altered. The first few 
bubbles on reaching the oxygen inflame, giving a blue flash of light. 
As oxidation products collect on the surface of the mercury, more 
bubbles may be added without any signs of combination until when 
a certain amount of gas has accumulated in the oxygen, a bright-yellow 
flash is seen to traverse the gaseous mixture, and is followed by a 
smart detonation. On adding more of the fluoride, a second detona¬ 
tion may be obtained either spontaneously or by increasing the 
pressure of the mixture. As a rule, a third explosion cannot be 
obtained either by agitating the gases or by increasing the pressure 
on them, even although oxygen may still be in excess. Dry oxygen 
and thiophosphoryl fluoride may in fact exist together in presence of 
a sufficient quantity of oxidation products, apparently without inter¬ 
action, provided all traces of moisture are carefully excluded from the 
mixture. If lead fluoride is heated with phosphorus pentasulphide 
which has been kept in a bottle for some time, with no special pains to 
exclude air from the apparatus, gas is evolved which can be mixed 
with excess of dry oxygen without the slightest change taking place, 
even when the eudiometer is gently heated. The mixture, however, 
at once inflames on exposure to the air. That it is the moisture in the 
air which serves to start the reaction is proved by the fact that on 
passing fragments of blotting-paper moistened with water into the 
mixture of gas and oxygen their explosive union instantly follows. 

These facts render it difficult to experimentally determine the 
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exact chemical nature of the action of oxygen upon the gas. , We 
have, however, made the attempt. A measured quantity of thio- 
pliosphoryi fluoride was passed into a small graduated tube contain- 
iug a. known volume of dry oxygen gas (from three to live times the 
volume of the fluoride) standing over mercury. After combination 
had taken place, and it had been ascertained that all the thiophos¬ 
phoryl fluoride had been oxidised, the apparatus was allowed to cool 
down to the temperature of the air, and the volume of the mixed gases 
was determined. These were then treated either by lead peroxide or 
by a strong solution of potash, which absorbs the products of combus¬ 
tion ; the residual gas is pure oxygen, and its volume represents the 
amount which has taken no part in the reaction. The original 
volume of the oxygen and of the thiophosphoryl fluoride, together 
-with the volume of the products and of the residual oxygen being 
known, it is easy to calculate the amount of oxygen which is required 
to oxidise a definite volume of the gas as -well as the volume of the 
products formed and the contraction which has ensued. 

From the mode in which the thiophosphoryl fluoride is passed into 
the oxygen it is difficult to introduce it in a uniform stream, hub 
when this is effected the first bubbles of gas take fire and the rest 
explodes as already described; in such cases the amount of oxygen 
used and the amount of products formed are always greater than 
when the gas is passed up in quantity and burned, either entirely or 
in part, without explosion. 

The results obtained are' as follows ; for the sake of simplicity the 
ratios only of the volumes are given :— 


Action of Oxygen rmP SF 3 . 


No. of 
expfc. 


das. 

Products 

formed. 

Oxygen 

used. 

Contrac¬ 

tion. 

i.... 

Ct&s has stood over lime: part 
burns ; part explodes .... 

1 

1-533 

1-29 

0-755 

II .... 

Same gas as 15 ail burns 
quietlv . 

1 

1 *433 

1*143 

0*7105 

Ill .... 

: 

CS-as made in ** eornpo” tube; 
part bums; part explodes. 

1 

. 

i 1*372 

1*219 

0*8457 

IV 

Same gas as III j all explodes 

1 

j 1*492 

1*259 

0*7675 

v«.... 

Same gas; all explodes but 
' one little bubble.. 

1 

1 *596 

1 *209 

0 *6126 

Vb .... 

Products of V« are sparked; 
bubble is thus combined.. 

1 

1*444 , 

1*209 

0*7849 

YI .... 

Same gas. Eudiometer is 
heated by bunsen,.......! 

1 

1*39 

1*096 

0*71" 


Bejecting YI,, as in that case the' tube was ■ heated,, and Yu, as the 
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lifctle Bubble of gas evidently did not combine spontaneously, and 
only did so in passing the electric spark, Yb y the values are— 


. 

Gas. 

Pro¬ 

ducts. 

Oxygen. 

Contrac¬ 

tion. 

Gas. 

Pro¬ 

ducts. 

Oxygen. 

Contrac¬ 

tion. 

. I.... 

i 

1 '53 

1-29 

0*75 

4 

6'14 

5*16 

8'05 

11 ... 

1 

1*48 

1*14 

0*71 

4 

5 ’73 

4 *57 

2*84 

Ill.. 

1 

1*87 

1*22 

0 ’85 

4 

5*19 

4-88 

3'88 

TV. 

1 

1*50 

1-26 

O' 77 

4 

5*97 

5*04 

3 07 

Vb.. . .. 

1 

1 -44 

1-21 

0'76 

4 

5-78 

4*84 

3*06 

Mean values .. 

! 

1 

1*45 

1-22 

0*70 

4 

5*82 

l 

4-90 

3-07 

Rejecting III— 








Mean values. . 

1 

| 1*475 

i 

J 1*225 

1 

| 0*747 j 

1 1 

| 4 ! 

[ 5 *905 

| 4 -903 

| 3*00 


These results are not very concordant, and the reason of their dis¬ 
crepancy will be evident from what follows.. The numbers, however, 
at once serve to show that the reaction between thiophosphoryl fluoride 
and oxygen is not in accordance with the equation— 

PSF 3 + G 3 = POF a + SQ 3 . 

In this equation, 5 vols. of mixed gases condense to form 4 vols. of 
products; the contraction being one-fifth of the initial volume. 

The numbers on the whole tend to show that 4 vols. of gas require 
5 vols. of oxygen and give 6 vols. of gaseous products with a con¬ 
traction of 3 vols., but it will be observed that certain of the experi¬ 
ments differ considerably from these values. What probably takes 
place is, that a portion of the gas is acted upon by oxygen thus :— 

PSF 3 + 0* =: PF S + SO* 

and that at the high temperature the phosphorus trifluoride is con¬ 
verted partly into phosphoryl fluoride and partly into phosphorus 
pentaflnoride in the manner already indicated by Moissan 

5FF 3 + G 5 = 8PF. + PA, 
pf 3 + 0 = pof 3) 

the ratio of these products being dependent upon the conditions 
under which the reaction takes place. 

As phosphorus pentoxide and sulphur dioxide are unquestionably 
products of the action of oxygen upon the gas, the reaction in all 
probability tends towards the equation— 

5P8F S + 0 16 = 3PF 5 + PA + 5S0 3 , 

'which,implies that 4 vols. of the gas require 6 vols. of oxygen and 
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yield 6*4 vols. of products. If a portion of thiophosphoryl fluoride 
was decomposed only into the trifluoride and sulphur dioxide, which 
Is highly probable, less oxygen would be needed and a less volume of 
combustion products would be obtained, which is exactly what is 
observed. It is noteworthy that in all cases in which the decomposi¬ 
tion took place with violent explosion, that is, at a high temperature, 
the amount of oxygen used and the volume of combustion products 
formed was greatest. 

Or introducing a flame of thiophosphory! fluoride burning in air 
Into an atmosphere of oxygen, the flame becomes reduced in size and 
much more luminous. Its colour changes from greyish-green to 
bright yellow, and dense, white fumes are given off. The solution of 
the products formed smells strongly of sulphur dioxide, and gives the 
reactions of phosphoric acid. 

In some respects the behaviour of thiophosphoryl fluoride with 
oxygen resembles that of phosphorus trifluoride as observed by 
Xloissan. Moissan found that a strong spark was necessary to effect 
the union of the t rift no ride with, oxygen, and that in presence of an 
excess of oxygen, which acts as an inert gas, the explosion -was not 
produced. When the amount of oxygen was double that necessary 
to produce the oxyfluoride, the two gases only combined by the pro¬ 
longed action of the spark without detonation or incandescence. 
Moissan also found that a mixture of 1 vol. of the trifluoride with 
half a volume of oxygen, which detonated violently on passing a 
sufficiently strong electric spark, did not ignite by contact with an 
ordinary gas flame. The temperature was not sufliciently high to 
effect the combination. On bringing the oxyhydrogen flame in 
contact with the mixture contained in . a wide tube, combustion wa« 
produced and the flame descended, but without explosion, to the 
bottom of the tube. These experiments show that the oxyfluoride is 
only produced at a relatively high temperature, and serve to 
strengthen the improbability that this gas is formed at all events in 
any large quantities during the combustion of thiophosphoryl fluoride 
in air or in oxygen. 

Thiophosphoryl fluoride cannot be burned with safety from a jet iu 
a closed apparatus through which a current of dry air or oxygen is 
passing. The flame is liable to be'extinguished by a current of air 
or oxygen sufficiently powerful to carry over the products into the 
absorption-tubes. As a rule, the gas speedily relights itself, but not 
before ^ sufficient unburnt gas has escaped to form a spontaneously 
explosive mixture. We made two attempts' to burn the gas in a 
closed space, and in each case the apparatus was shattered by 
explosion. ■ J 

These experiments on the behaviour of thiophosphoryl fluoride, in 
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contact with air or oxygen are interesting as illustrating the extreme 
instability of the gas. Its ignition temperature is evidently very 
low, and a very slight alteration of the conditions under which it is 
presented to oxygen serves to determine whether the heat evolved by 
the spontaneous combination of a part of the gas suffices to ignite 
the remainder. On allowing a slow stream of the pure gas to issue 
into the air from a narrow jet, combination is seen to take place, but 
it is only when the current is increased that the rise of temperature 
is sufficient to ignite it. The cooling action of the air is sufficient to 
prevent any flame. Even when a considerable volume of the gas is 
poured out into the air, an appreciable lapse of time occurs before 
the temperature from the heat, of combination is high enough to 
ignite the rest of the gas. We have on several occasions partially 
filled the empty space in a mercury trough with the gas without any 
flame resulting, but on gently blowing upon the mixture the whole' 
has immediately ignited. Small quantities of indifferent gases 
greatly influence the temperature of ignition, and in some cases, as 
in the experiments with oxygen, entirely prevent the spontaneous 
oxidation of the gas. If the amounts of the diluent substances are 
considerable, the mixture of oxygen and thiophosphoryl fluoride may 
be subjected to a relatively high temperature without appreciable 
change. On sending an excess of the fluoride into a confined volume 
of air, partial combination at once ensues, but even on passing 
electric sparks through the mixture for some time, oxygen still exists 
uncombined. If the amount of tbe indifferent gas is small, a very 
slight cause will determine the explosive union of oxygen and thio¬ 
phosphoryl fluoride; thus, if the mixture be shaken, or if its tension 
be suddenly increased, combination at once ensues with explosion. 
The mixture may also be detonated by bringing a drop of water into 
it. Gas containing a slight admixture of the products of combustion 
may issue into the air m a- rapM/sireaMLwi-th mo appearance of flame, 
but if a test-tube containing warm water-’is held in the current it is 
jgnited; on withdrawing the warm tube, the flame is at once 
extinguished, but reappears when the tube is again brought into the 
stream. 

As might be expected from the Iow4gmition temperature, and, fmr 
tbe ease with which the flame is extinguished, its temperature is very 
low. It is probably one of the coldest flames known. Our hands 
have frequently been surrounded by it without any too inconvenient 
sensation of heat. 

Action of Water on Thiophosphoryl Fluoride ,—If a stream of thio¬ 
phosphoryl fluoride' is sent through wafer, comparatively little of the 
gas is absorbed. The bubbles rise to the surface, and take fire 
immediately on reaching the air, forming rings, of. i wMte~«©kev'’Ttt 
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order that any appreciable quantity may be dissolved, tiic gas must 
be shaken with the water for some time. The solution is acid to 
test-paper, smells of sulphuretted hydrogen, and gives the reactions 
for phosphoric and hydrofluoric acids..' The 1 decomposition is in 
accordance with the equation— 

PSF, + 4H,0 = ELS + H 3 P0 4 + 3HF. 

If the solution is effected in a vessel of flint-glass, the liquid: at 
once becomes black, owing to the action of the hydrofluoric acid and 
sulphuretted hydrogen upon the lead silicate. 

Action of Alkaline Solutions upon Thiophosphoryl Fluoride. —Thio- 
phosphoryl fluoride is more readily dissolved by a solution of potash 
or soda than hy w r ater, but it is only by acting upon a confined, volume 
of the gas, and frequently shaking the .liquid, that large quantities 
can be absorbed. ■ . . ’ ■ ‘ 

Wurtz '(J. 7 W-. Chew. Phys. [3]> 20, 472) has shown that alkaline 
solutions react on fhiophosphoryl chloride, PSC1 3 , with:the formation 
of a thiophosphate and a chloride. Thus with soda— 

PSC1 3 + 6NaHC) = jSTa 3 PS 03 + ; 3KaCl + 3H a 0 : . ' 

Analogy would appear to indicate that thiophosphoryl fluoride would 
behave in a similar manner. -■ • _ = 

Berthelot, arguing from the heat ,of solution of ■ phosphorus tri-. 
fluoride in alkaline solutions, has inferred-the existence, of a fluo- 
phosphoric acid. And it is, of course, possible that this'. compound 
might be formed from thiophosphoryl duoride, .■ V ■ 

In order to ascertain the exact nature of the decomposition, a 
quantity of the gas was dissolved in puresoda solution, contact with 
glass being carefully avoided, and the solution was slowly evaporated 
in a large platinum dish. As crystals .were'formed, the mother-liquors- 
were decanted, and the successive fractions, after being,washed, with 
a little water, were dried and analysed,". The first fraction was found 
to consist of almost pure sodium fluoride, and the succeeding fractions 
contained, gradually increasing quantities: of sodium, thipplmsphate. 
The decomposition by alkaline solutions is strictly analogous tp that? 
of 'thiophosphoryl chloride as described by. Wartz :—?■ ; ‘ L *• . , 

PSF* + 6NaHO == HTaiiPS0»"+'8NaF +'3H 2 f)ri v ; ; 

Action of Ammonia on TMophosphoryhFhtonde. —If aipmonia gas is 
passed into a confined volume of thiophosphoryl fluoride the, two : gases 
immediately combine, heat is evolved,. and :; a* white solid substance is 
formed. To determine quantitatively the- volume' ratios of the .gases 
taking part in the reaction, measured .quantities of dry. ammonia, were 
passed into a measured apipanfe.qf tldophesphory^. fluoride; aad^tlie 
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contraction was noted. ■ Ammonia sufficient to condense part of the 
gas is added first of all, and after cooling* and noting the volume more 
is added until all the gas has entered into combination. 

The following are the numbers obtained in two consecutive trials : 
the volumes are reduced to standard temperature and pressure : — 


Original volume of ammonia gas... 

„ „ tbiophosphorjl fluoride. 


39*07 c.c. 
7*51 „ 


After 1st admixture— 
Residual vol. of HH ;3 .. 
„ „ PSF;,.. 


After 2nd admixture— 
Residual vol. of bTH 3 .. 
Excess of NH 3 added.. 


18*52 c.c. NTH, used..... 20*55 c.c. 

2*34 „ PSF, ,. 5*17 „ 


7*51 c.c. Total HH 3 used 31*02 c.c. 
0*74 „ PSP, „ 7*51 „ 


1st admixture..... 1 vol. of PSF 3 condenses 3*98 vols. NTH ;J . 

2nd „ . 1 „ „ 4*13 „ 


One molecule of tbiopbosphoryl fluoride appears, therefore, to com¬ 
bine with 4 xnols. of ammonia to form a solid product. In this 
respect its behaviour is analogous to that of tbiopbosphorvl chloride, 
PSC-1 3 . Gladstone and Holmes ( Cliem . Soc. IS. 7) found that this 
substance could not absorb more than four equivalents of ammonia, 
and they were of opinion that the reaction was in accordance with the 
equation— 

PSC 1 3 -f 4NH 3 = 2 NH 4 CI + P(NH,),C1S. 

ScbifF, on the other hand, represents the reaction on the supposition 
that thiopliosjjhotriamide , PS(HH 2 )a, is formed, 

PSC1 3 4* 6NH 3 = 3HH 4 C1 + PS (NH,)„ 

although no analytical data are given in support of this view of the 
.action (Ann. Chim . Pharm 101 , 292). 

If a reaction corresponding to ScbifTs equation took place in the 
ease of tbiopbosphoryl fluoride, 6-vols. of ammonia ought to be 
condensed. The volume ratios actually observed support the idea 
that the action of ammonia gas on tbiopbosphoryl fluoride may be 
represented by the equation— 

PSF. + 4HB, = 2NH 4 F + P(KH,),SF f 

and if the analogy between Gladstone and Holmes’s compound is 
assumed to bold good, the product, excluding the ammonium fluoride, 
should he acted upon by: water with the formation of tbiopbosphodiamic 
m acid and hydrofluoric acid, thus — 

^ 'P(NB*)*SF + H 2 0 =* HF f P(NH 2 )aBS0. ■ . ..... , 
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In order to obtain further evidence on this point, -we passed about half 
a litre of thiophosphoryl fluoride into a small flask into which a stream 
of dry ammonia gas was also being led. The solid compound settled 
on the bottom and sides of the flask as a white, compact crust, which 
speedily deliquesced on exposure to the air. When freshly prepared 
it has no smell of ammonia. It dissolves readily in water, giving a 
slightly alkaline solution, in which no trace of phosphoric acid or 
liydrosulphuric acid can be detected in the cold. With metallic salts 
it gives reactions which in some cases correspond with and in others 
differ from those obtained by Gladstone and Holmes with the solution 
of the compound obtained by the action of ammonia on tliiophosphoryl 
chloride. Both solutions give precipitates with salts of mercury, 
copper, silver, lead, and tin, and no precipitate with those of barium 
and iron. On the other hand, the thiophosphoryl fluoride compound 
gives no precipitates with salts of zinc, cadmium, nickel, and cobalt, 
in which respect it differs from the thiophosphoryl chloride compound. 
Gladstone and Holmes (loo. cii.) found that the precipitates obtained 
from the thiophosphoryl chloride compound consisted of salts of 
th{opliosphodiamic acid , H(NH 2 )i>PSO. 

On adding copper sulphate solution to a solution of the tbiophos- 
phoryl fluoride compound the liquid remains perfectly clear for a short 
time. A yellowish-white precipitate gradually forms which rapidly 
darkens in colour and is ultimately transformed into copper sulphide. 
Ou filtering, the clear liquid slowly deposits a crystalline salt of a pale 
greenish-blue colour: it is insoluble in water, both hot and cold, but 
readily dissolves in dilute hydrochloric acid solution. The salt is 
only very gradually formed, and many weeks are required to obtain 
an amount sufficient for analysis. On examination it was found to be 
a double salt of copper phosphate and copper silicofluoride, of the 
formula CuaPaO s ,CuSiP 6 . 

gram salt gave 0*1756 CuO and 0*1217 Mg 2 P 2 0 7 . 


Found. Calculated. 

Copper ............ 43*15 43*41 

Phosphorus ........ 10*61 10*53 


The formation of this compound is easily accounted for. All the 
sulphur is removed as copper sulphide and the arnidated phosphoric 
acid is gradually decomposed, with the deposition of the light green 
double salt, by the hydrofluosilieic acid gradually formed by the 
action of the, hydrofluoric acid on the glass vessel. It is worthy of 
note that in the double salt the phosphorus hears the same ratio .to-"' 
fluorine 1 that it'does in the thiophosphoryl fluoride from which it,waft;. 

Action of Thiophosphoryl Fluoride on heated Glass .—When a quan- 
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tity of thiophosphoryl fluoride is heated in a glass tube, the gas, after 
a given temperature has been reached, deposits a yellow film on the 
glass, the volume begins steadily to decrease, and after a time becomes 
constant. The residual gas, after the action is complete, consists 
entirely of silicon tetrafiuoride. The decomposition follows the 
equation— 

4PSF 3 + 3Si = 3SiF 4 + P 4 + S 4 , 

four volumes of the thiophosphoryl fluoride giving three of silicon 
tetrafiuoride, A small measured quantity of thiophosphoryl fluoride 
was heated in a cloche courbe over mercury. After heating for about 
an hour the tube was allowed to cool and the volume of the residual 
gas noted. The results of two experiments carried out in this way 
were as follows:— 

I, 7*90 c.c. PSF 3 gave 5*95 c.c. SiF<. 

II. 11-39 „ „ 8*81 

Calculated from the equation— 


I.... 5-93 c.c. 

II. 8-65 „ 


The sulphur is rapidly deposited from the heated gas which, indeed, 
appears first to decompose in accordance with the equation— 

PSF 3 = PF 3 + s, 

the phosphorus trifluoride then decomposing in the manner indicated 
by Moissan {Ann. GMm. Phys. [ 6 ], 6 , 464), 

4PP 3 + 3Si0 2 = 3SiF 4 + P 4 + 3<V 

A portion of the phosphorus combines with sulphur, whilst another 
part is oxidised and unites with the bases of the glass, forming pyro¬ 
phosphates or metaphosphates. The deposit on the extreme upper 
part of the tube is yellow, and inflames on being heated in'the air; 
it dissolves in water with separation of a little silica, and the solu¬ 
tion smells of sulphuretted hydrogen, and gives the reactions for 
phosphoric acid. 

Action of the Electric Spark and heated Platinum on Thiophosphoryl 
Fluoride ,—If electric sparks are passed between platinum terminals in 
an atmosphere of thiophosphoryl fluoride, the gas is at once decom¬ 
posed. A light yellow substance settles on the platinum wires and on 
the sides of the containing vessel, and the volume of the gas slowly 
diminishes. ' On heating a spiral of platinum to a low red heat in a 
confined volume of the gas, a cloud at once appears and a yellow film 
quickly settles on the cold sides of the tube. If the gas stands'over' 
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.mercury a black sublimate of mercuric sulphide is also formed., The 
platinum is rapidly attacked, and in two or three minutes falls to 
pieces, being converted into a black, brittle mass from the action of 
the phosphorus and sulphur. The yellow deposit consists of sulphur 
and phosphorus, the former substance occurring in by far the larger 
quantity. If moisture has been carefully excluded, the residual gas 
contains no trace of silicon ; although its volume is slightly less than 
that of the tliiophosphoryl fluoride taken, it contains only phosphorus 
and fluorine. 

It would thus appear that by the action of beat thiophosphoryl 
fluoride is quickly decomposed with separation of sulphur and forma¬ 
tion of phosphorus trifluoride, 

PSF* = PF 3 4 - s, 

and that the phosphorus trifluoride, as already shown by Moissan 
(lac. mV.), is, by the further action of heat, gradually converted into 
phosphorus pentafluoride with separation of phosphorus— 

5PF 3 = 3PF b + P* 

Speefrvwi of Thiophosphoryl Fluoride. —Professor J. Norman Lockyer 
was good enough to instruct Mr. Fowler to make some observa¬ 
tions on this point for us. A large end-on tube was carefully 
tilled with dry nitrogen and placed in connection with an apparatus 
containing a mixture of lead fluoride and freshly made phosphorus 
sulphide. The tube and apparatus were then exhausted by the 
Sprengel pump, and the whole filled with the thiophosphoryl fluoride 
which was then removed by the action of the pump : the filling was 
repeated once or twice, and the gas finally slowly pumped out until 
a spark at the lowest possible temperature would pass. As soon as 
the spark begins to pass the spectrum is found to consist of lines 
characteristic of the fluorine spectrum as seen in silicon fluoride and 
boron fluoride. After a time, as the pressure is reduced, lines of 
phosphorus appear and entirely displace the fluorine spectrum. On 
further reducing the pressure, the phosphorus lines give place to a 
spectrum consisting entirely of sulphur fiutings. Thiophosphoryl 
fluoride is therefore dissociated at the lowest temperature of the 
spark. 

Liquefaction of Thiophosphoryl Fluoride .—In the Cailletet apparatus, 
the gas is readily reduced to a colourless, transparent liquid. By 
means of a specially constructed apparatus, in which we compared the 
reduction of the volume of hydrogen and of the gas by submitting 
both to the same pressure, we find the following relation between the 
temperature and pressure under which the liquefaction of thiophos- 
pho'ryl fluoride takes place.' 



HEAT OF NEUTRALISATION’ OF SULPHURIC ACID. 


A 


Temperatures. 

3 8° 
10*0 
13-8 
20-3 


Pressure in 
atmospheres. 

7*6 

9*4 

10*3 

13*9 


Addendum .—In tlie discussion which followed the reading of this 
paper. Professor Ramsay suggested that tbiophosphoryl fluoride would 
probably be resolved by shock if treated in the same manner as carbon 
bisulphide vapour, i.e., if a small quantity of mercuric fulminate was 
exploded in the gas. On making the experiment according to the 
method already described by one of us (Thorpe, 44 Decomposition of 
Carbon Disulphide by Shock,” Trans., 1889, 220), a black deposit of 
mercuric sulphide was instantly produced by the explosion, and in 
quantity sufficient to show that the whole of the sulphur was thrown 
out of combination. It is, however, impossible to say definitely 
whether this result is the direct effect of the explosion or whether it 
is due to the action of the heated mercury vapour on the gas ; in other 
words, we have no means of knowing whether' the action is purely 
chemical or is merely mechanical. 


XXXV .—Note on the Neat of Neutralisation of Sulphuric Acid. 

By Spenceb Dmebetille Picketing, M,A. 

It is well known that the heat of neutralisation of acids and 
alkalis is, in the majority of cases, a constant quantity, though there 
are several exceptions to the rule. Those cases where the values are 
abnormally low r present no great difficulties, for they are confined 
chiefly to weak acids wffiere the salts are partially dissociated, and 
neutralisation is, therefore, not complete; of the existence of abnor¬ 
mally high values (sulphuric, hydrofluoric, hypophosphorous, and 
selenic acids) I have suggested a possible, though conjectural expla¬ 
nation, based on peculiarities in the amount of the residual affinity 
possessed by the acids (Trans., 1887, 598). The object of the present 
note is to give a simpler and more satisfactory explanation of such 
exceptions. The heat of neutralisation of these acids is not abnormally 
high. 

The values given by Thomson for the three 1 commoner acids are;—■ 

2HC1200HA 2XaGH200H,0 = 27,480 caL 
2HXGJL99HA 2Xa0H199H ? 0 = 27,360' „ 

H*S0 4 199HA 2Xa0HI99H 2 0 - 31,380 „ 
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the first two being instances of the normal value, the last being 
4000 cal. too large. 

Any constancy observed in the beat of neutralisation is dependent:, 
as I have shown, on the saturation of the residual affinity of the 
molecules concerned by the water present, and, hence, this water 
must be present in large excess, and should, theoretically, be infinite 
in quantity. Though, with hydrochloric acid, the 200 H 2 0 present is 
sufficient to practically complete the thermal effects of dilution, this 
is by no means the case with sulphuric acid. We can calculate what 
the heat of neutralisation would be in infinity of water by the aid of 
Thomsen’s results on the dilution of the solutions concerned. 
Thomsen gives the values of the heat evolved (per gram-molecular 
proportion of the substance present) on diluting solutions of various 
strengths down to the strength of the weakest solution -which he 
obtained in any given series ( Thermochem. Untersueh Ill) ; by plot¬ 
ting these values against the percentage composition we got a curve 
which may easily be produced to 0 per cent,, that is, to infinite dilu¬ 
tion. If this point be x cal. below the zero point which he took, all 
his values must be increased by x cab, and they will then express the 
molecular heat of dissolution of the solution taken in infinity of 
water. The values which are marked by an asterisk in the accom¬ 
panying table give the values of x in the various cases, the others 
are the values required in the following calculations. 


Solution. 

*H a S0 4 1799H a O . 

Percentage 

composition. 

... 0*339 

Molee. heat of dissolution 
in infinity of water. 

+ 173 cal. (Thomsen). 

>5 

• * • jj 

+ 2128 

„ (Pickering), 

H a S0 4 199H a O. .. 

... 2*663 

+ 965 

„ = A (Thomsen), 

99 • » * 

... „ 

+ 3245 

„ = A/ (Pickering). 

*2HC1 600H a O ... 

... 0*670 

+ 164 

„ (Thomson), 

2HC1 200H a O ... 

... 2*000 

+ 242 

„ = E (Thomsen), 

*2HNO s 640H a () . 

... 1*090 

+ 148 

?» » 

2H1TO, 199H.O . 

... 3*400 

+ 288 

,, = r 

*2NaOH 400H a O . 

.... 1*100 

—142 

99 jj 

2NaOH 199H a O . 

... 2*190 

-264 


2NaOH 200H a O . 

... 2*170 

-262 

»} "* 0 ,, 

*Na 2 S0 4 800H a O . 

... 0*980 

-102 


Ha,S0 4 400H a O . 

... 1*900 

-202 

„ = D 

*2FaCl 400H a O. .. 

... 1*600 

-86 


2NaCl 402H a O. .. 

... 1*590 

-84 

" f * 

„ = G „ 

*2NaNO s 400H.O . 

... 2*300 

-368 


2NaNO a 402H a O . 

.... 2*300 

-368 

* H ” 


Now, if we imagine two cycles of operations, in one of which we 
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mix the strong (with 200 H 2 0) acid and alkali solutions, and then 
dilate the resulting solution to infinity, and in the other of which we 
dilute the acid and alkali to infinity first, and then mix them together, 
the sum of the thermal results in the two cycles will he the same, for 
the initial and final states are identical; thus:— 

N + G- = E-fO + 

N being the heat of neutralisation with strong solutions, that 
with infinitely weak ones. Substituting the values given in the 
table for the other letters, we get for 2HC1 to be 27,416 cal., 
practically the same as with strong solutions. For sulphuric acid, 
Thomsen’s values for the equation N-fD = A-fB + give 
= 30,477 cal., thus reducing the excess by 900 cab, but leaving 
it still too great to be called normal. 

1 have, however, made a much more extensive series of determina¬ 
tions of the heat of dilution of sulphuric acid than that made by 
Thomsen ; the results will be brought before the Society before long, 
and I need only give here the particular value required for our 
present purposes, AJ in the foregoing table. Using this value instead 
of A we get 28,197 cal. for the heat of neutralisation of sulphuric 
acid, a quantity within 800 cal. of that of hydrochloric acid. 

The difference of 2300 cal. between Thomsen’s and my own value 
for the dilution of H 2 S 04 l 99 H 2 O may appear very large, but it is not 
due to simple experimental error. There certainly appears to be 
some error in Thomsen’s determination with the weakest solution 
which he used, his value being 193 cal. lower than mine (a quantity 
representing, however, only y-J-^-th of a degree in the experiment 
itself), but this would not account for the discrepancy ; the-fact is 
that there is a sudden change in the direction of the curve at about 
0*3 per cent., and as Thomsen’s last determination was made with a 
0*67 per cent, solution, his results cannot take this change into account; 
had I deduced the correction from my own experiments, taking only 
the same points as Thomsen took, I should have got 29,825 cal. for 
a value still 2200 cal. above that of hydrochloric acid. 

'From the equation N + H= F + B + we get 26,268 cal. 
for the heat of neutralisation of nitric acid in infinity of water. 
Compared with this, my value for sulphuric acid is 1200 cal. too high, 
but the results are more doubtful in this case, as the correction for 
the dilution of sodium nitrate is a large one, and the weakest solution 
used by Thomsen contained as much as 4*5 per cent, of the salt. 

A difference of even this magnitude must be considered as within 
the limits of experimental error. The values for in the three 
cases depend not only on Thomsen’s determinations of FT (which no 
doubt are accurate), and on my curve for sulphuric acid, but also on 
extrapolation from six of Thomsen’s curves where the points available 
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are far too few to give more than approximate values. There can lie 
little doubt but that the heat of neutralisation of sulphuric acid, and 
probably also that of selenio, hypophosphorous and hydrofluoric 
acids,* is normal, under perfect conditions, and it must be remem¬ 
bered that these perfect conditions include, not only infinite dilution, 
but also some appropriate temperature, probably the absolute zero, for 
the heat of neutralisation is affected to different extents in different 
cases by altering the temperature, and absolute identity of results at 
1S° would imply non-identity at other temperatures. Under these 
perfect and unattainable conditions, the value would be constant only 
because w T e should be measuring the same quantity in every ease, 
namely, the difference between (a) the heat of combination of H with 
(OH) and the union of the water molecules with each other, and (b) 
the heat of combination of M with (OH) and the union of the hydr¬ 
oxide formed with excess of water, which latter quantity is the same 
whatever metal M may be, for it represents in each ease the perfect 
satisfaction of the affinity of the same radicle—hydroxyl (see Trans., 
1888, 878). 


XXXVI .—The Boiling Points of Sodium and Potassium . 

By E. P. Berman, B.Sc., Clothworkers Exhibitioner at University 

College, London. 

As no attempts seem to have been made hitherto to determine with 
any degree of accuracy the boiling points of sodium and potassium, I 
undertook, at Prof. Earn say’s suggestion, to ascertain these constants. 

Method employed ,—About 10 grams of sodium were heated in a 
combustion-tube, sealed at one end, and placed vertically over a 
Bunsen dame ; the metal melted hut gave off very little vapour. On 
raising the temperature by using a blowpipe, the sodium began to 
boil, but soon attacked and perforated the tube. A second trial with 
a thicker tube gave the same result. An iron tube was then substi¬ 
tuted for the glass one with somewhat better success; the sodium 
was made to boil, and a small bulb of combustion-glass, with a'long, 
capillary stem, was bang in the vapour, and the end sealed by moans 
of a hand-blowpipe, when the sodium vapour was supposed to have 
reached the neck of the bulb. The results were unsatisfactory, and 
it was found much better to use a hollow iron ball surrounded by a 
screen of fireclay, and to heat it with one of Fletcher's blowpipes 
such as are sold with his injector furnaces. The sodium soon boiled 
, # There are no data for calculating the corrections in these case®.' 1 1 
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and the vapour issued from the bole in the top of the iron ball, and 
burned. The size of the dame indicated the rate at which the metal 
was boiling. Several bulbs were lowered into the vapour, some of 
combustion-glass and some of ordinary glass ; tbe latter were found 
to answer quite as well as the former. Each bulb was held so that 
the sodium flame played round its neck for about half a minute; it 
was then lowered till completely surrounded by the vapour, held thus 
for a few seconds, the end sealed, and withdrawn. In the case of 
potassium, the injector blowpipe was unnecessary, an ordinary blow¬ 
pipe easily producing the required temperature. The method of pro¬ 
cedure was the same. 

The bulbs were afterwards boiled in water to remove potash or 
soda, carefully dried, and weighed. Some were deeply etched and 
leaked; but a sufficient number survived to give reliable results. 
The capillary steins were brokeu under boiled water, the pieces 
broken off being weighed separately, and the weight of each being 
added to that of its bulb; the bulbs were immersed in the water and 
the temperature taken ; they were then again dried and weighed. The 
volume of expelled air is given by that of the water entering the 
bulb. They were lastly boiled under water till full, cooled to about 
20° (slightly above the temperature af tbe laboratory in order to 
avoid loss by expansion during the weighing), dried, and weighed. 
This gave the capacity of each bulb. 

Method of Calculation. 

Let Wi be the weight of water in the bulb after breaking the stem, 
w 2 weight of water required to fill the bulb, 
f the required temperature, 

tf temperature of water on removing bulb after breaking the 
stem, 

<z coefficient of comparison of air. s= 0*003607, 

8 „ „ of glass = 0*00003, 

di density of water at temperature 
d 2 „ „ 

pi atmospheric pressure on sealing the bulb, 
p 2 atmospheric pressure on breaking the stem, minus the 
vapour-pressure of water at tf* 

Then the volume of air in the bulb at temp. t L ° and pressure pi is 
— , and this at the temp, f and pressure p 2 expands to 

<4 di 

^ but'it then fills the bulb, which has the 

\fiV4 d x J 1 + od x 

t volume -l a 1 ,. Jl. il at the temp, f, 
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* 'P'lfW'i W \ 1 4- at __ w 2 /I 4- ^ \ 

’ pi \d 2 djl -f cd x do \1 -j~ ct 2 ) 

Now and d 2 were always practically identical, for t x and 4 never 
differed by more than 2°. The expression then becomes— 


w 2 — it?i 
jpi 1 + cd\ 


(1 + act) = 


Wo 

1 -j- dto 


(1 + St). 


Pnfcg!!*- 


IV i 


jih 1 + &t\ 


A and ——*— 

1 + 64 


B, and we find t = 


B -A 

Ax — B.B a 


From this expression all the results were calculated. 
The actual data obtained are— 


a. Weight of bulb + air. 

b . „ „ 4- air -I- water. 

c. „ „ -f- water. 

d. ,, capillary stem broken off. 

Also 4, 4> ph and j9 2 . 

The bulb contains the same weight of air in a and b ; therefore, to 
find w h subtract a from b and add d , To find w 2 , subtract a from c, 
add d 9 and also add the weight of the enclosed air, roughly estimated 
from the volume of the bulb. 

The numerical data and the calculated results are here tabulated » 



Sodium. 

Potassium. 


1 . 

2 . 

3. 

1 . 

2 . 

3. 

a .. .. 

1 *9015 grams 

1 *1345 

0 *8003 

1 *2740 

1 *6441 

1-6411 

h .... 

2-4715 „ 

1 -6890 

1*2245 

2 *0044 

2 *2398 

2-4516 

c .... 

2*7238 „ 

1*9308 

1 *4085 

2 *3705 

2*5528 

2 *8493 

d .. ,. 

0*0170 „ 

0 *0037 

0*0038 

0*0263 

0*0385 

0 -0125 

i\ < * »* 

21 ° 

20 ° 

20 ° 

22 *5° 

21 *5° 

21 -5% 


20 ° 

20 ° 

20 ° 

20 ° 

20 ° 

20 ° 

h — 

769*6 mm. 

769-6 

769-6 

759-8 

759-8 

759-8 


756*1 „ 

0*5870 gram 

756 1 

756 -1 

739-6 

740-8 

740 -8 


0 -5582 

0-4280 

0-7567 

0 -6342 

0 -8230 

Wv*. . . * 

0*8396 „ 

0-8003 

0-6122 

1 -1236 

0-9480 

1 -2217 

t .... 

746° 

737° 

742 -5° 

674° 

656° 

670° 


Mean result for sodium ... 742°. 

,, for potassium ... 667°, 


Possible Errors. —Superheating of the vapour may cause an error 
perhaps of 10°, or more if the metal is nearly volatilised. 

Tb© weighings were accurate to 0*2 milligram, the temperatures 
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were read to 0*1° and the pressures to 0*1 mm., so that the errors 
have no appreciable effect on the value of t. 

The non-exposure of the capillary stem to the vapour causes a small 
error, which is in the opposite sense to the error caused by super¬ 
heating. 

There is a possible error in the number taken for the coefficient of 
expansion of the glass used, but an error of 20 per cent. (0*000030 
instead of 0*000025) would only cause an error of 2° or 3° in the 
boiling point found. The coefficient was carefully determined for 
the glass of which the bulbs were made. A bulb of about 4 c.c. 
capacity was weighed, then filled with boiled mercury and boiled out 
several times, cooled, placed in water at a slightly higher temperature, 
t h weighed, hung over boiling water, and weighed again. The coeffi- 
, cient of expansion, 8, was calculated from the equation 

1*4" 8t\ W\ 1 **f* ati 

1 -f- 8t% w>i 1 Hh Gjt% 

where Vh = weight of mercury filling bulb at t L °. 

~ jj ,, ,, £<$ . 

a £= coefficient of absolute expansion of 
mercury between 0° and £ 2 °. 

The bulb was also hung over boiling mercury and weighed again. 

The data and results are :— 



Temperature. 

Weight, 

8. 

Bulb 

+ air... i 

. 

3 *1795 gram 

_ 

a 

+ mercury. . j 

19*7° 

53*2503 „ 

— 


+ .. 

99 *4 

52 '6440 „ 

0*000027 


+ „ > -. 

358*2 

50 *6754 „ 

— 


+ » * *.* * 

>> 

50 -7120 „ 

— 


+ >5 * *.. * * ‘ 

» 

50 *6820 „ 

! 0*000028 


The boiling points were found to he not far from 700°, and 8 was 
therefore taken as Q'00003, assuming its value to increase regularly 
with rise of temperature. The difference in the weights at 358° was 
due to traces of air which remained in the bulb; the highest number 
was taken as correct. 

Remarks .—The results given by sodium agree much better than 
those obtained for potassium. The reason probably is that a . much 
smaller quantity of potassium was used than of sodium; further, it 
' boiled away, and more lumps had to be thrown into the ball, so that 
in this case the method is very much the same as if one threw a lump 
of ice into a hot vessel and immediately tried to find the boiling point 
of water, : • * 

' VOL. lv. 2 b . 
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XXXVII.—aw -Diacetylpentane and <xca-Dibemoylpentcme. 

By F. Stanley Kipping, Ph.D., D.Sc., and W. H. Perkin, Jun., Ph.D. 

Under the influence of dehydrating agents, acetone readily undergoes 
condensation with formation of mesityl oxide, phorone, and other 
substances. The reaction in the case of mesityl oxide is represented 
by the equation—■ , 

CH 3 *C0*CH 3 _ CH 3 *C0’0 

CH 3 UOUH 3 ~ OHa-O-OH, + 

Furthermore, when acetone is treated with certain reducing agents 
it yields pinacone, thus :— 

c!> c0 + co <ca + a = gg;>C(OH).0(OH)<gg. 

In each of these reactions, 2 mols. of acetone take part, the result¬ 
ing compounds being formed by the direct union of two carbon-atoms, 
one from each molecule. 

In studying these curious reactions, it seemed possible that, starting 
with diketones of the formula R* C OU H 2 * [ CH 2 ] H 2 * CO *R, and sub¬ 
jecting them to similar treatment, the condensation might he confined 
to one molecule. 

Thus, under the influence of dehydrating agents, the change would 
be— 

R*CO*ClT s *[GH 2 ] n # OH 2 *CO # R - H 2 0 =s 

CH^[ciT]^CO*R, 

whereas a reduction analogous to the formation of pinacone from 
acetone would take the following course :~ 

E*CO‘CH 2 *[CH 2 ] w -CH s UO-R .+ H 2 = B-C(OH)-C(OHVR 

GH 2 <CH 2 VCH 2 

With, the object of testing this hypothesis, we have prepared 
aw- diacety lpen tane, OH 3 *CO , [CH 2 ] 5 *CO*CH 3 , aw-dibenzoylpentane, 
C 6 H 5 *C 0 *[CH 2 ] C 0 *GfiHfi, and aw-diacetylbutane, 

CH 3 *00‘[CH 2 ] 4 *C0UH 3 , 

and have nearly completed our experiments on the behaviour of these* 
compounds towards dehydrating and reducing agents. In the present 
paper, we describe the preparation and properties of aw-diacetyl- 
pentane and the corresponding dibenzoyl-compound, and give also a 



a w- DI ACET YLPENTANE AND -DIBENZ0YLPENTANE» 331 


short account of several less important substances which have been 
obtained in the course of this investigation. 

Preparation of Ethyl MethyIdeliydrohexonecarboxylate and Acetobutyl 

Bromide . 

Jn previous researches in -which ethyl methyldehydrohexonecar- 
boxylate has been employed, this substance was always prepared by 
treating 2 mols. of ethyl acetoacetate with 2 mols. of sodium ethylate 
and 1 mol. of trimethylene bromide, thus:— 

2GH 3 -CO*CHNra-COOG 3 H 5 + G 3 H 6 Br 2 = 

CH^C-C<X)OC 2 H 5 + ch 3 -CO-CH 2 -COQC 2 H 5 + 2NaBif. 

CHj-CH. 

The objection to this method is, that one-half of the ethyl aceto¬ 
acetate is regenerated, and this on subsequent fractionating can be 
separated only very partially from the ethyl methyldehydrohexone- 
carboxylate, and is thus practically wasted. 

As it was necessary for us to employ large quantities of this sub¬ 
stance, we have made a number of experiments with a view to 
improve the method of preparation. As the result of these we find 
the following process to give the best results:— 

130 grams of ethyl acetoacetate are added in small quantities at a 
time to a cold solution of 23 grams of sodium in 250 grams of absolute 
alcohol, care being taken that the temperature of the mixture does 
not rise above 40°; 202—205 grams of trimethylene bromide are now 
added, and the whole heated to boiling in a water-bath, in a flask con¬ 
nected with a reflux apparatus. As soon as the solution begins to 
boil, the separation of sodium bromide commences and a vigorous 
reaction sets in, the heat evolved being sufficient to keep the whole 
boiling for a considerable time. 

After heating for about 1-J- hours, the product is well cooled and 
gradually mixed with a further quantity of 23 grams of sodium in 
250 grams of absolute alcohol: the same precautions as to temperature 
being observed as in the first instance. The contents of the flask are 
again heated in the water-bath, when a further separation of sodium 
bromide occurs. After boiling for about an hour the alcohol is dis¬ 
tilled off, the residue mixed with water, the product extracted twice 
with a large quantity of ether, and the ethereal solution washed, dried 
over calcium chloride, and evaporated. The oily product, which 
should weigh from 155 to 160 grams, is distilled at the ordinary 
pressure, and the following fractions collected :— 


v 2':b 2 
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80—200° = about 15 grams. 

200—240 = 128—133 grams. 

Residue = about 10 grains. 

The thermometer rises rapidly to 200°, only small quantities of 
alcohol, ether, and a little unchanged trimethylene bromide passing 
over below this temperature, a proof that practically the whole of the 
ethyl aeetoacetate had been converted into ethyl methyldehydrohexone- 
earboxylate. 

The fraction 200—240° is an almost colourless oil, which consists, 
in spite of the wide range of temperature, of nearly pure ethyl 
methylclehydrohexonecarboxylate, the yield of which is generally 83 
to y6 per cent, of the theoretical, and in some cases, with very careful 
working, as much as 90 per cent, has been obtained. Its formation by 
this new method is represented by the equations— 

(1.) OH#*00-OHNa-OOOOJE[5 + C 3 H 6 Br 2 = 

CHa-00-OH*0000 9 H 

CH 3 -CH 2 «CH 2 Br. 

(2.) CH a ’C(ORa):C*COOC 2 H 5 CH 3 -C=— OCOOC 2 H 5 

BrCHyCH -CH 2 = °< >GH.+ ff«Br. 

0x12—Oils 

The high boiling residue left in the retort is probably the product 
of the action of 2 mols. of ethyl aeetoacetate on 1 mol. of trimethylene 
bromide. It is at present under investigation. 

Acetobntyl Bromide , CH^CO*CH 2 *CH 2 *CH 2 *CH,Br. 

In preparing acetobntyl bromide, the fractionated ethylic methyl- 
dehydrohexonecarboxylate is dissolved in about three times its volume 
of a saturated solution of hydrogen bromide (sp, gr. about 1*7), and 
the mixture allowed to stand for 24 hours. The whole is then poured 
into a large volume of cold water and the precipitated oil separated. 
The solution still contains a considerable quantity of the bromide, 
which can be completely extracted with ether if the solution is first 
neutralised with soda. The separated oil and the ethereal solution 
are mixed together, washed with dilute sodium carbonate solution, 
dried over calcium chloride, and the ether distilled off. 

The acetobntyl bromide is thus obtained as a brownish oil, the 
yield of the crude product being about 86 per cent, of the theoretical. 
The crude bromide is now fraetioned under diminished pressure, when 
the greater portion distils at a constant temperature (under 150 mm. 
at 155—1(30°; under 90 mm. at 135—137°), leaving as a residue a 
dark-brown oil, amounting to about 16 to 20 per cent, of the whole. 
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Ethyl ccw-Diacetyhaproate. 

When acetobutyl bromide is warmed with an • alcoholic solution of 
ethyl sodacetoacetate, sodium bromide separates, and ethyl 
acetylcaproate is formed, thus:— 

CH 3 *00*CHNa-C00C 2 H 5 + OH»*CO-CH s -OH,-OH a -CH a Br 
_ CH 3 -CO*CH-COOC 2 H 5 
= CH 2 -CB/CHvCH 2 -CO-CH :1 + NaBr - 

In preparing this substance, 80 grams of ethylic acetoacetate were 
dissolved in a solution of 14 grams of sodium in 150 grains of abso¬ 
lute alcohol, 110 grams of acetobutyl bromide added, and the whole 
heated on a water-bath in a flask connected with a reflux condenser. 
As soon as the mixture came to the boiling point, sodium bromide 
began to separate, and in a very short time the reaction was at an 
end. The alcohol was distilled off, the residue mixed with water, the 
product extracted twice with ether, the ethereal solution washed with 
water, dried over calcium chloride, and the ether evaporated. 

The thick, oily residue, which weighed 144 grams, was readily 
purified by fractionation under reduced pressure. 

The pure substance boiling at 238—242° (200 mm. pressure) gave 
the following result on analysis :— 

0T435 gram substance gave 0*3333 gram C0 2 and 0*1174 gram H 3 0. 

Calculated for 

C 12 II 20 O 4 . Pound. 


C . 63*16 per cent. 63*34 per cent. 

H. 8'7 7 „ 9*09 

O ........ 28*07 „ 27*57 


Ethyl aw-diacetylcaproate is a thick, colourless oil, having a faint 
odour. It is almost insoluble in water, but readily miscible with 
cither and alcohol. 

Hydrolysis of Ethyl w- DiacetyIcajproaie, 

The action of caustic potash on ethyl atu-diacetyicaproate may take 
place in one of the following three ways, according to the conditions 
of the experiment:—- 

1st. When the etheral salt is mixed with an excess of a solution of 
strong potash in methyl alcohol and allowed to stand in the cold, 
aw-diacetylcaproic acid is fonned, thus ;— 

ch^co*oh-cogo 2 h 5 ch 3 *co*ch*cook 

GH 3 *CO*[CH 2 ] 3 -CH 2 = CH 2 «CO*[GH] 3 *CH 2 

+ KOH , ' + CA-OH. 
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•2rully. When the ethereal salt is hydrolysed by boiling with dilute 
alcoholic potash, aa-diacetylpentane is formed, thus : 

CHs-CO-CH-COOCjHs CH,-CO-CH s 

CH 3 -CO*[CH 3 ],-CH» + 2KOH = CH 3 -CO[CH 2 ] 3 -CH 2 

aw-Diacefcylpentane, 

+ k 2 co 3 + c 2 h 5 -oh. 


3rdly. When the hydrolysis takes place in the presence of a large 
excess of boiling alcoholic^ potash, besides aw-diacetylpentane, 
w-acetylcaproic acid is formed, thus :— 


ch 3 -co-ch-cooc 2 h 5 

CH s -CO-[CH 2 ] 3 -CH 2 


+ 2KOH = CHs-COOK + C 2 H s OH 
+ CH 3 -CO-[CH 2 ] 5 -COOK. 

Potassium <u-acetyleaproate. 


. , ch 3 -co*ch-cooh 

aw-Diacetylcaproic Acid, „ - rrl , i„. 

W jri3* O U * L O Jet 2 J 3 * O jo.2 

This acid is prepared by dissolving the crude ethereal salt in an 
excess of a cold saturated solution of pure potash in methyl alcohol, 
and allowing the mixture to stand for 24 hours. The resulting 
slightly brownish solution is placed over sulphuric acid in a vacuum 
until nearly all the alcohol has evaporated, the residue dissolved in 
water and repeatedly extracted with ether to remove traces of 
diacetylpentane which are invariably formed during the reaction. 
The alkaline solution is carefully acidified with dilute sulphuric acid, 
the clear liquid extracted several times with pure ether, the ethereal 
extract dried over calcium chloride and evaporated at alow tem¬ 
perature on a water-bath. The resulting slightly yellowish oil, after 
the removal of the last traces of ether, ^consists of nearly pun) 
a w-diacetylcaproic acid, as the following analysis shows;—■ 

0*1769 gram substance gave 03886 gram CO* and 0*1326 gram 


H*0. 

Calexilated for 

C 10 H 16 O 4 . Found. 

0 ..., 6000 per cent. 59*91 per cent. 

H.8*00 „ 8*33 

0 .32*00 „ 31*76 


Diacetylcaproic acid is miscible with water in all proportions, the 
solution reacting strongly acid; the addition of a drop of ferric 
chloride to this solution produces a slight brownish-violet coloration. 
.If ^ small quantity of the acid is gently heated in a, test-tube, car- 






AND a»-DIBENZOTLPENTANBL 


835 


bonic anhydride is evolved, and the resulting oil, on distillation, 
solidifies on the cooler portions of the tube to colourless plates con¬ 
sisting of pure aw-diacetylpentane :— 

CH^CO-CH-COOH _ CH 3 *COCH 3 

CH 3 -CO-[CH 2 >CH 2 ~ CH 3 -CO[CH 2 ] 3 -CH 2 +g ° 2 ' 

aw-Diacetylcaproic acid. aw-Diacetylpentane. 

The salts of diacetylcaproic acid are mostly readily soluble in water 
and difficult to prepare in a pure condition. The silver salt is a 
colourless, seemingly amorphous compound, readily soluble in cold 
water. In an aqueous solution of the ammonium salt, ferric chloride 
produces a light brown precipitate, which is quickly decomposed on 
heating; lead acetate gives no precipitate in dilute solutions, but 
copper sulphate produces a light green precipitate readily soluble in 
warm water. Mercuric nitrate gives a white precipitate which 
quickly dissolves when the solution is warmed. 

aw-BiacetyIpentane, CHa'CO-CI^’CHa-CHs'CH/CO-CHs. 

In the first attempts at preparing this diketone, ethyl aw-diacetyl- 
caproate (1 mol.) was mixed in the cold with a dilute solution 
of potash (2 mols.) in methyl alcohol, and after standing for 
two days a further quantity of potash (4 mols.) was added, and the 
mixture boiled for six hours. After distilling off the alcohol, the 
residue was dissolved in water, the product extracted with ether, the 
ethereal solution dried over calcium chloride and evaporated. A slightly 
yellowish oil was obtained containing, besides diacetylpentane, a second 
substance which is with difficulty separated by fractional distillation. 
It could be removed, however, by shaking with sodium hydrogen 
sulphite solution, collecting the solid double compound with diacetyl¬ 
pentane which is formed, washing this with ether, and decomposing 
with sodium carbonate. In this way a beautiful crystalline substance 
was obtained which gave the following numbers on analysis :— 

0T528 gram substance gave 0*3890 gram 00 2 and 0*1435 gram 

H a O.. 

Calculated for 

C 9 Hj 6 0 2 . Touud, 


C. 69*23 per cent. 69*4 per cent. 

H. *10*26 „ 10*4 „ 

0.*. . 20*51 „ 20*2 


As this process was very inconvenient for the preparation of large 
quantities of this substance, experiments were mad© with the object 
of improving the yield, and as a result the following method w&s 
found to give the largest quantity of pure diketone. 
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Ratter more ttan the calculated quantity of potash, required for 
hydrolysis (2 mols.) is dissolved in a little methyl alcohol, with the 
addition of a few drops of water ; about one third of this solution is 
mixed with the ethyl diaeetylcaproate and the mixture heated 1o 
boiling* on the water-bath, in a flask connected with a reflux ap¬ 
paratus, for about five minutes, during which operation a quantity of 
potassic carbonate separates. Another third of the alcoholic potash 
is now added and the heating continued. In about 10 minutes the 
remainder of the potash is poured in, the alcohol at once distilled off 
and the residue mixed with water. 

The product is extracted two or three times with ether, the extract 
dried over calcium chloride, and the ether evaporated. In this way an 
almost colourless residue is obtained which may readily be purified 
by fractionation under reduced pressure. 

The approximate yield of tbe crude substance is 50—52 grams 
from 100 grams ethyl diaeetylcaproate. This oil on fractioning behaves 
somewhat curiously. Thus, under a pressure of 300 mm. the ther¬ 
mometer rises rapidly to 170°, between which temperature and 190° 
about 5 per cent, distils, as a colourless oil which on cooling shows 
no signs of solidifying. The distillate between 190° and 219° solidi¬ 
fies entirely, and forms about 90 per cent, of the whole, and on several 
occasions it was noticed that although the substance gave good 
numbers on analysis it still possessed no constant boiling point. In 
order if possible to settle this point, the pure solid substance was 
refractioned under 240 mm. pressure without, however, any very 
definite boiling point being noticed. In fractioning large quantities, 
the nearest approach to a constant boiling point has been 212—215° 
(300 mm.), and 175—178° (130 mm.). 

An. analysis of the substance fractioned in this way gave the follow¬ 
ing numbers:— 

01725 gram substance gave 0*4367 gram C0 2 and 01617 gram 

H a O. 

Calculated for 

C 9 H 16 0 2 . Found. 


0 . 69 - 23 per cent. 69 04 per cent. 

H . 10-26 „ 10-41 

0. 20-51 „ 20-55 


nu-Diacety Ipentane, purified by washing with ether on a porous 
plate, melts at about 48—49°. It is readily soluble in cold ether, 
alcohol, acetone, chloroform, and warm light petroleum. Small 
particles thrown on to water move abont rapidly with a rotatory 
motion, and gradually dissolve; but separate again on the addition 
of potassic carbonate. When shaken for some time with a Saturated 
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solution of hydrogen sodium sulphite, diacetylpentane gradually com- 
bines with it to form a solid, semicrystalline substance which was not 
analysed. This double compound is soluble in cold water, but when 
heated with water or treated with acids, the diketone separates as an 
oil which readily solidifies on cooling. 

Diacetylpentane dissolves in a concentrated aqueons solution of 
hydrogen bromide, and on boiling and adding water a heavy oil is 
precipitated which smells strongly of peppermint; this is at present 
under investigation. The diketone dissolves very readily and ap¬ 
parently without decomposition in concentrated nitric acid, but on 
heating nitrous fumes are evolved, and considerable quantities of an 
acid, apparently oxalic acid, is formed. The solution of diacetyl¬ 
pentane in chloroform absorbs bromine very rapidly, with evolution of 
streams of hydrogen bromide. After adding the bromine till a per¬ 
manent coloration was produced, the solution was allowed to evapo¬ 
rate spontaneously; an oily bromide remained -which did not 
solidify even after long standing and was therefore not analysed. 
aw-Diacetylpentane dissolves in concentrated sulphuric acid with 
evolution of heat and formation of a colourless oil which has the 
composition C 0 H 14 O. This substance, which is also formed when the 
diketone is boiled with alcoholic potash, is of considerable interest, 
and will be fully described in a subsequent paper. The behaviour of 
diacetylpentane towards reducing agents is also being carefully in¬ 
vestigated, and we hope soon to be able to communicate the results of 
these investigations to the Society. 

aw~Biaceiylpentanedio%irne> CH 3 *C(NOH)*[CH 2 ] 6 ‘C(NTOH)*0H S . 

Before proceeding any further with the investigation of the di¬ 
acetylpentane it was thought necessary to prove its constitution by 
the preparation of a dioxime. This substance is readily obtained by 
treating the diketone in dilute alcoholic solution with a slight excess 
of hydroxylamine hydrochloride and potassic carbonate. After 
standing for two days at the ordinary temperature, water was added, 
the clear solution extracted with ether, the extract washed with 
water, dried over calcium chloride, and the ether evaporated. Tbe 
resulting colourless viscid oil was placed over sulphuric acid under 
diminished pressure, to crystallise. The crystalline cake thus ob¬ 
tained was spread on a porous plate to remove traces of oily mother- 
liquor, and further purified by recrystallisation from a mixture of 
benzene and light petroleum. 

The analysis gave the following results :— 

I. 0T770 gram substance gave 0*1582 grain H s O and 0*3764 gram 

OO s . 
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II. 0*1745 gram substance gave 23*3 c.c. N at 16 and /52 ixibi- 

Pound, 

Calculated for ——* “”W 

CgHiglNsOo- I* 1'^' 


€. 58*06 p. o. 57*99 — p. c. 

H. 9*68 „ 9*92 — „ 

IN __ ..... 15*05 „ — 15*84 „ 

0. 17*21 „ - 


Diacetylpentanedioxime separates from a mixture of boiling benzene 
and light petroleum, on cooling*, in the form of a crystalline powder. 
From water, in which it is moderately soluble, it separates in colour¬ 
less moss-like crystals, melting at 84 —85°. It is readily soluble in 
cold acetone, glacial acetic acid, methyl alcohol, and in warm benzene 
and ethyl acetate, but only sparingly soluble in boiling and almost 
insoluble in cold light petroleum. It dissolves freely in cold dilute 
soda and in concentrated sulphuric acid, forming colourless solutions. 
When heated in small quantity in a test-tube, it distils with very 
slight decomposition in the form of a, yellowish oil, which quickly 
solidifies. 

c-Acetylcaproio Acid, CH 3 *CO*CH,*CH 2 *GH 2 *CH a *CH 2 *OOOH. 

This acid is formed, together with aw-diacetylpentane, when, ethyl 
aw-diacetylcaproate is hydrolysed, as described above, with boiling 
methyl alcoholic potash, and remains as potassium salt when the 
diketone is extracted with ether. 

To isolate the acid, the alkaline solution is acidified, extracted 
about 10 times with ether, the ethereal solution dried over calcium 
chloride, and the ether evaporated. A brown sour-smelling oil is 
obtained, the quantity of which varies according to the strength of 
the potash employed. The purification of the crude acid is attended 
with very considerable loss, as the salts are mostly readily soluble in 
water, and the acid, when very impure, is almost entirely decomposed 
when distilled under diminished pressure. Attempts to purify the 
acid by means of the ethyl salt were also unsuccessful, as when 
hydrogen chloride is passed into an alcoholic solution of the acid the 
mixture darkens rapidly, and the product seems to consist of some 
complicated condensation-compounds containing chlorine. 

The acid was obtained in a pure state as follows;—The crude oil is 
dissolved in excess of boiling baryta, a stream of carbonic anhydride 
passed through the hot solution, and, after filtering, the solution is 
acidified and extracted 8 to 10 times with ether. The almost colour¬ 
less oil which remains, when the ether is distilled, is again dissolved 
in boiling baryta, and the process repeated. The acid is thus 
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obtained in the form of a colourless oil, which, however, as was 
shown by analysis, still contains a large quantity of some compound 
richer in carbon. It is dissolved in concentrated ammonia, the 
solution evaporated to dryness at the ordinary temperature, and the 
residual brownish ammonium salt kept for some time on a porous 
plate to free it from oily impurities. The colourless salt is dissolved 
in water, the acidified solution extracted with pure ether, the extract 
dried over calcium chloride, and evaporated. Acetylcaproic acid 
remains as a colourless oil, which immediately solidities to a mass of 
colourless crystalline plates, melting at 29—30°, and readily soluble 
in water. This acid has also been obtained by one of ns, in conjunc¬ 
tion with Dr. Oolman, by treating ethyl malonate and sodium 
ethoxide with acetobutyl bromide, hydrolysing the ethereal salt, and 
distilling the resulting bibasic acid. 

The silver salt, CH 3 , CO*[Cfl 2 ] 5 *COOAg, prepared by precipitating 
a neutral aqueous solution of the ammonium salt with silver nitrate, 
crystallises from boiling watei', in which it is very readily soluble, in 
colourless plates, and, after drying over sulphuric acid, it was 
analysed with the following results :— 

0*2430 gram of the salt gave 00985 gram of silver. 

Calculated for 

C 8 H 13 0 3 Ag. Found. 

Ag. 4068 per cent. 40*53 per cent. 

Action of Alcoholic Ammonia on Ethyl xw-Diacetylcaproate. 

The first attempts to prepare large quantities of pure ■ diacetyl- 
pentane were not attended with much success, and it was thought 
expedient to try and purify the crude ethyl diaeetylcaproate by con¬ 
verting it into a crystalline ammonia compound, analogous to that 
obtained in the case of ethyl diacetyladipate. 

The ethereal salt (42 grams) was therefore dissolved in 8—10 
volumes of absolute alcohol, the solution saturated with anhydrous 
ammonia at the ordinary temperature, and kept for about two days. 
The solution was again saturated with ammonia, and after keeping 
for three days the alcohol, was evaporated over sulphuric acid. A 
considerable quantity (6 grams) of a crystalline compound gradually 
separates from the solution. The crystals were filtered from, the 
mother-liquor, spread on a plate to"free them from adherent oil, and 
then boiled with a mixture of ethyl acetate, and methyl alcohol in¬ 
sufficient to dissolve more than about half the whole. The residue 
was completely dissolved in a mixture of ethyl acetate and methyl 
alcohol, and the crystalline compound which separated on cooling, 
recrystallised from methyl alcohol. A compound, O w H i5 OJ!$V is thus 
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obtained in compact colourless crystals, which, after drying over 
sulphuric acid, gave the following results on analysis :— 

1. 0*1648 gram of substance gave 0*3994 gram C0 2 and 
0*1280 gram H,0. 

II. 0*0917 gram saTbsfcan.ee gave 5*95 e.c. hi at 12° and 750 mm. 

Calculated for 

c 10 h,an. 

C. 66-3 p. e 

H. 8-3 „ 

N. 7-7 „ 

O. 17-7 „ 

This substance, as will he shown hereafter, is most probably 
clehydrodiacetylcapronamide, and has the constitution— 

CH 3 -CO-CH a -CH 2 -CH 2 -CH 2 -C<§Q®>NH. 

It separates from cold methyl alcohol in large compact crystals, 
which have been very kindly measured by Professor Haushofer, who 
gives the following account of his observations :— 

“ Crystalline form monoclinic. 

a:b:c = 0*7487 : 1 : 0*3997. 
fi = 79° 11'. 

Plates or small prisms of the combination coPco(100) = a, 
goPoo(OIO) = &,.-?ce(101) = r, Pco(lOl) = coP(llO) = p, very 
small, occurring seldom and difficult to measure; 2Pco(021) = q* 



Observed. 

Calculated. 

a : r — (100)(101) = 

126° 

18' 

— 


a:s - (100)(10l) = 

109 

26 

— 


a:p~ (100)(110) = 

126 

20 

— 


r : s' = (101)(l01) = 

124 

19 

124° 

16' 

r : s s (101)(10l) = 

55 

49 

55 

44 

q - s' = (021) (101) = approx. 

133 


132 

48 

g : r = (021) (101) = „ 

136 


335 

14 


Pound. 



66*1 — p. c. 

8*6 - „ 
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The plane of the optical axes is the plane of symmetry; one axis 
meets the surface a, the other surface s, both apparently near the 
edge a/s. 

Dehydrodiacetylcapronamide melts at 233—235° with previous 
softening and slight decomposition, and when heated in small quan¬ 
tities at a higher temperature, it is decomposed with evolution of 
ammonia, or some volatile base. It is readily soluble in cold glacial 
acetic acid and in mineral acids, and moderately soluble in hot methyl 
alcohol and ethyl acetate, but only sparingly in cold benzene, and 
almost insoluble in boiling acetone. When boiled with water it 
gradually dissolves, and is partially converted into diacetylcapron- 
amide, which is much more readily soluble ; on cooling, a considerable 
quantity of the dehydro-compound separates immediately in beautiful, 
short, thick, transparent plates, and the filtrate contains the amide,- 
which separates slowly in flat, transparent, efflorescent plates, when the 
solution is allowed to evaporate at the ordinary temperature. It is 
slowly decomposed when boiled with soda, considerable quantities of 
ammonia being evolved, and the characteristic peppermint smell of 
the compound CoH^O being distinctly perceptible. 

The constitution of this compound seems to be proved by the 
following experiments::— 

(>1.) It yields an acetyl-derivative and a nitroso-compound. 

(2.) It is readily hydrolysed by cold alcoholic potash, being con¬ 
verted into a^-diacetylcaproic acid. 

(3.) When boiled with water, it takes up 1 mol. H 2 0, yielding 
diacetylcapronamide. 


Acetyldehydrodiacetyhapronamide , CHyCO[CH 2 ] 4 'FAc. 

When dehydrodiacetylcapronamide is boiled with excess of acetic 
anhydride for about four hours, it is converted into an acetyl-derivative. 
To isolate the product, the acetic anhydride is partially removed by 
distillation, the residue mixed with water, and after keeping for some 
time the whole extracted two or three times with ether. The ethereal 
solution is washed with water and sodium carbonate solution until 
free from acetic acid, dried over calcium chloride, and the ether evapo¬ 
rated. 

Acetyldehydrodiacetylcapronamide remains as an almost colourless 
oil, and as it could not be obtained in a crystalline condition, the 
crude product was kept over sulphuric acid for about two days and 
then analysed, with the following results 

0T535 gram of substance gave 0*3585 gram G0 2 and 0T070 gram 

H*0, 
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Calculated for 

C 12 H 17 0,lSr. Found. 


0 . .. 64*57 per cent. 68*70 per cent. 

B ... 7*62 „ 7*74 „ 

N.. 6*28 „ — 

0 ... 21*53 „ — 


A nitroso-compound was prepared, in small quantify, by treating a 
cold dilute hydrochloric acid solution of dehydrodiacetylcapronamide 
with the calculated quantity of sodium nitrite, and extracting the 
product with ether. A colourless oil was obtained; it dissolved in 
soda with a transient yellow coloration, but owing to the small quan¬ 
tity at our disposal it was not analysed. 

Dehydrodiacetylcapron amide is decomposed by a cold concentrated 
solution of alcoholic potash, yielding ammonia and aw-diacetylcaproic 
acid. A small quantity of the dehydro-compound was dissolved in 
cold methyl alcoholic potash, the solution kept for two days, and the 
alcohol evaporated at the ordinary temperature. The residue was 
dissolved in water, the solution extracted with ether to remove any 
diaeetylpentane which might have been formed, then acidified with 
dilute sulphuric acid, and the acid extracted with pure ether. A 
colourless oil remained when the dried ethereal solution was evapo¬ 
rated, and the crude product, after keeping for 24 hours over 
sulphuric acid, was analysed with the following results :— 

0*1703 gram of substance gave 0 3748 gram C0 2 and 0*1288 gram 
HoO. 

Calculated for 

C 10 H 16 O 4 . Found. 

C. 60*0 per cent. 60*0 per cent. 

H ........ 8*0 „ 8*4 

0. 32*0 „ 31*6 ,, 

That this acid is in reality diacetylcaproic acid is further proved 
by the following experiments:—"When heated at about 100°, rapid 
evolution of carbonic anhydride occurs, and on heating more strongly 
the whole distils in the form of a colourless oil, and quickly solidifies. 
The solid distillate was found to be identical with diaeetylpentane, 
and, like the last-named compound, on boiling with potash it give® 
out a strong smell of peppermint, due to the formation of the com¬ 
pound C 9 H 14 0. When the dehydro-compound is boiled with water, 
it is converted into diacetylcapronamide. 

aw-maeetylcapronamUe, GHgCO*[CH 2 ] 4 *CH(COMe)*GONB s . 

This amide is most probably formed, together with its dehydro¬ 
derivative, when ethyl diacetylcaproate is treated with alcoholic 
ammonia as described above; but as the two compounds show great 
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similarity in ttieir behaviour towards most solvents, they cannot 
easily be separated by fractional crystallisation. The amide is best 
prepared in a pure state by boiling the dehydro-componnd for some 
time with water, separating the unchanged dehydrodiacetylcapron- 
amide which crystallises from the solution on cooling, and allowing 
the solution to evaporate at the ordinary temperature. Diacetyl- 
capronamide separates slowly in long, thick, transparent needles, or 
in hat, transparent, oblong plates containing 2 mols. of water of 
crystallisation. It loses its water when kept over sulphuric acid, and 
two determinations, made with different samples, gave the following 
results:— 

I. 0*6219 gram of substance, dried between blotting-paper, lost 
0*0944 gram over sulphuric acid. 

II. 0*6193 gram substance, dried for a short time on a porous plate, 
lost 0*0995 gram over sulphuric acid. 


Found. 


Calculated for ( - A -^ 

C 10 H 17 O 3 N -h 2H 2 0. I. II. 

H 2 0. 15*3 p.c. 15*18 16*04 p. c. 

The anhydrous substance was analysed and gave the following 
results:— 


0*1744 gram substance gave 0*3871 gram C0 2 and 0*1414 gram 


h 2 g. 

Calculated for 

C 10 H 17 O 3 N. Found. 

C .. 60*30 per cent, 60*53 per cent. 

H.. 8*54 „ 9*0 

hr. 7*03 „ — 


Diacetylcapronamide crystallises from dilute methyl alcohol in hat, 
transparent plates which effloresce, becoming opaque and very brittle 









344 


KIPPING AND PERKIN: a ao-DI A GET V LPE XT A N“E 


on exposure to the air. Some of these crystals were measured with 
a microscope provided with a graduated circle, and the observations 
made with one very well-defined crystal are given below. 

Diacetyleapronamide has no well-defined melting point, as when 
heated to about 200 ° it begins to soften, and does not melt completely 
until 228°. It Is readily soluble in cold methyl alcohol and in glacial 
acetic acid, but only moderately so in cold ethyl alcohol or water, 
and very sparingly in benzene, chloroform, ether, and acetone. It 
dissolves freely in warm, concentrated sulphuric acid, and is not pre¬ 
cipitated when the solution Is diluted; when boiled with soda, am¬ 
monia is evolved, and the characteristic smell of the compound 
C 9 H 14 O is perceptible. 

In studying the formation of dehydrodiaeetylcapronamide from 
diacetylcapronamide, it is evident that the former substance may 
have either of the following formulse :— 

I. II. 

CH 3 -CO[CH s ] 4 *CH< qq CH 3 -00-[CH 2 ] 4 -C<3q !>NH. 

The formation of a substance represented by Formula I is easily 
understood from the following equation :— 

GOMe 

CH 3 -C0-[CH 2 ] 4 -CH-C0-NH 3 -H 2 0 = CH 3 -CO-[CH 2 >CH< G J®>K 

Diace ty leapr onamide. 

In the case of Formula II it is necessary to suppose that diaceiyl- 
eapronamide is first converted into its labile modification. The sub¬ 
sequent elimination of water taking place thus :— 

C(OH)Me 

CH 3 -CO-[C.HJ 4 'C-CO-NH 2 —H a O = CH 3 -CO-[CH 3 ] 4 'C<_ G ^J>NH. 

Diacetylcapronumide (labile form). 

That Formula II represents the constitution of dehydrodiaeotyl- 
capronamide is proved by the fact that this substance yields an acctyl- 
and a nitroso-compound, and that on hydrolysis it is converted into 
diacetylcaproie acid. 

The oily mother-liquors from which dehydrodiaeetylcapronamide 
crystallises, were kept for a long time over sulphuric acid, but no 
further separation of crystals took place. The oil was therefore 
distilled under diminished pressure; considerable decomposition 
occurred, large quantities of ammonia and other gases being evolved, 
and a yellow oil collected in the receiver. The distillate was then 
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submitted to fractional distillation, but again considerable decom¬ 
position took place, and the resulting oily product seemed to consist 
of a mixture of several compounds, the separation of which has not 
yet been attempted. 


In the course of our experiments on the behaviour of diacetyl- 
pentane towards dehydrating agents, a compound was obtained, the 
formation of which from the diketone might possibly be due to 
internal change in one of the —CHvCO— groups. At an early stage 
of this investigation it was deemed important to prepare a diketone 
analogous to diacetylpentane in which methyl was substituted for one 
of the hydrogen atoms in one of the —0H 2 *00— groups. Such a- 
diketone should be obtained by treating the sodium compound of 
ethyl methylacetoacetate with acetobntyl bromide and hydrolysing 
the resulting ethyl ^-methyl-a^-diacetylcaproate ; thus : 


(1) CH 3 * OO ON a ( 0H 3 ) *000C 3 H 5 + CHyCO-CH 3 -CH 2 «CH 3 -CH 3 Br 
CHVOO*C(CH 3 )-COOC 3 H 6 
- CH;;-C0-[CH 2 >CH 2 + NaBr - 

CH 3 -CO-C(CH 3 )-COOC s H s 
C H,• CO ■ [CH, ] 3 -6 H 2 + 2K0H 

= CH 3 'CO-[CH a ] 4 -CH(CH a )-CO-CHa + K 2 C0 3 + 0 2 H 5 -0H. 


We append a brief account of the experiments which were carried 
out with this object. 

Ethyl cc-Metliyl-aoo-Diaeeiylea/proate, 
CH a *CO*C(CH 3 )*COOC 3 H f> 
CHyCO*[CH 3 ];fCH 3 , 

In preparing this substance, ethyl methylacetoacetate (32 grams) 
was gradually added to a cold solution of sodium (5*1 grams), in abso¬ 
lute alcohol (60 grams), acetobutyl bromide (40 grams) poured in, 
and the whole heated to boiling for about three hours. The alcohol 
was then distilled off, the residue mixed with water, and extracted 
several times with ether, the extract dried over calcium chloride, and 
the ether distilled off. The residual oil (57 grams) on fractioning 
under reduced pressure (220 mm.) separated into two portions boiling 
at 109—205° and 205—270° respectively. The higher boiling fraction 
was again distilled, and the'portion boiling at 255—260° analysed 
with the following results :— 

1 ; VOL. LV.' , ■ . ; ' % / 
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Calculated for 

C i;} H. : .20 4 . Pound. 


C ........ 64*46 per cent. 64*94 per cent. 

H. 9*09 „ 9*41 

0........ 26*45 „ 25*65 


Ethyl ^-methyWw-diacetylcaproate is a colourless oil possessing a 
faint odour. It is insoluble or nearly insoluble in water, but mixes 
with alcohol and ether in all proportions. 


a-Methyl-aw-Diacetylpentane , CHa , CO*[CH 2 ]4 , CHMe*CO*CH3. 

In preparing this substance, 18 grams of the ethereal salt were 
mixed with a solution of 10 grams of pure potash in alcohol and 
heated for a short time on a water-bath. The decomposition set in 
almost immediately—much potassic carbonate separating out. After 
boiling for about an hour, the alcohol was distilled off, the residue 
mixed with water, and the alkaline product extracted two or three 
times" with ether. The ethereal solution after drying over calcium, 
chloride and evaporating, deposited a quantity of an almost colour¬ 
less oil which on repeated distillation under diminished pressure 
(350 mm.), boiled fairly constantly at 232—235°. This fraction was 
analysed with the following results 

0*1705 gram substance gave 0*4400 gram C0 3 and 0*1632 gram 
HoO. 

Calculated for 

C 10 H 18 O 2 . Found. 


C. 70*59 per cent. 70*38 per cent. 

H. 10*59 „ 10*64 

0. 18*82 „ 18*98 „ 


^-Metliyl-«w-diacefcylpentane is a colourless, mobile oil, which even 
after long standing shows no signs of crystallisation; as it lias 
frequently been noticed that methyl-derivatives of substances con¬ 
taining normal chains melt at a lower temperature than the substances 
themselves, methyldiacetylpentane might he expected to he an oil 
at the ordinary temperature. The diketone dissolves in a saturated 
solution of sodium hydrogen sulphite, and is reprecipitated on adding 
potassic carbonate, hut no crystalline double compound was formed, 
as in the case of diacetyl pentane. 

The alkaline solution, from which the diketone was separated by 
extraction with ether, contains considerable quantities of an oily 
acid, probably a-methyl-&>-*acetyleaproic acid. 
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Dibenzoylpentane . 

Tiie results of experiments on the behaviour of diace by Ip entane 
towards dehydrating agents made it necessary to determine whether 
either of the methyl-groups in this substance took part in the forma¬ 
tion. of the compound C 0 HuO, which has been referred to above. If 
a diketone analogous to diacetylpentane, but containing two phenyl- 
groups in place of the methyl radicles, was treated with dehydrating 
agents under the same conditions as those employed in the case of 
diacetylpentane, the results might be of considerable value in ascer¬ 
taining the constitution of the compound C 9 H U 0. 

With this view we treated benzoylbutyl bromide with ethyl sodo- 
benzoylacetate in alcoholic solution, and obtained ethyl «w-dibenzoyl• 
caproate, tbe reaction taking place in accordance with the 
equation— 

0 6 H 5 *CO*CH 2 *GH 2 -CH 2 -0H 2 Br + C 6 n 5 -CO*GHNa-COOEt == 

CaH 5 *CO*CH 3 -CH 2 -GH 2 -CH 2 *CH(COPh)-COOEt + EaBr. 

When this ethereal salt is hydrolysed with alcoholic potash, it yields 
a&j-dibenzoylpentane, potassium w-benzoylcaproate, potassium ben¬ 
zoate, and potassium carbonate— 

C 6 H 5 *CO-[CH 2 ] 4 *GH(COPh)*COOEt + 2KOH = 

C 6 H 5 -CO-[CH 2 ] 6 -CO-CeH 5 + K 2 G0 3 + C 2 H 5 'OH and 

C 6 H 5 -CO*[CH 2 ]rGH(GOPh)-COOEt + 2KOH = 

CcH 6 -co*[gh 2 >cook: + c 6 h 5 *cgqk + c 3 h 5 *oh. 

The benzoylbutyl bromide employed in these experiments was pre¬ 
pared by treatmgphenyldehydroliexone with concentrated hydrobromic 
acid, as has been previously described by one of us (Trans., 1887, 
732). The crystalline product is dissolved in ether, the solution 
washed with-dilute sodium carbonate solution until free from hydro- 
bromic acid, dried over calcium chloride, and the ether evaporated. 
The benzoylbutyl bromide is thus obtained almost perfectly pure and 
quite colourless, and can be directly employed for the preparation of 
ethyl dibenzoylcaproate. 

JEHhyl aiv-Dibenzoylc&proate , Oe 5 H 5 *CO*[GH 2 ] 4 *OH(COPh)*COOEt. 

To a solution of 2*8 grams of sodium in absolute alcohol 24 grams 
of ethyl benzoylacetate are gradually added, care being taken to 
keep the temperature below 40°; a slightly warm alcoholic solution 
of 28*8 grams of benzoylbutyl bromide is then poured in, and the 

'2 c 2 ' 
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mixture heated on the water-bath with reflux condenser. Just as 
the alcohol "begins to boil, the separation of sodium, bromide com¬ 
mences, and after heating for about two hours the reaction is at an end. 
The alcohol is removed by distillation, the residue mixed with water, 
the product extracted with ether, and the ethereal solution dried and 
evaporated. Ethyl di benzoyl cap roate (about 42 grams) remains as a 
yellowish oil, and if the substances employed in the reaction are care¬ 
fully weighed, the product is almost perfectly pure, as is shown by 
the following analysis, made with a sample which had been kept for 
a few days over sulphuric acid :— 

0*1738 gram substance gave 0*4762 gram C0 3 and 0*1112 gram H 2 0- 


C 

H 

G 


Calculated for 


C 2i H*A. 

75*0 per cent. 


18-2 


5 ) 


Pound. 

74*7 percent. 

7-1 „ 

18-2 „ 


It is a thick, yellowish oil, with an aromatic odour, and insoluble in 
water; even when kept for some weeks, it showed no signs of solidi¬ 
fying. When boiled with alcoholic potash, it is quickly hydrolysed 
and decomposed in accordance with the above equations. 


aw-Bibenzoylpentane , (J 6 H 5 *C 0 • [0H 2 ] 5 * C 0 • Calif,. 

This diketone is best prepared from the ethereal salt by a method 
similar to that employed in the preparation of diacetyl pentane. The 
crude ethyl, dibeuzoy leap roate (20 grams) is boiled for a short time 
with a solution of potash in methyl alcohol (= lu grams KOI!.), this 
being added in small portions at a time as already described. The 
alcohol is distilled off, the residue treated with wafer to dissolve the 
sodium bromide, the oil extracted with ether, and tho ethereal solu¬ 
tion dried and evaporated. The diketone (14 grams) remains in the 
form of a thick, yellow oil, which quickly solidifies on cooling; after 
spreading on a porous plate to remove impurities, it was ree/rysUti¬ 
lised from hot, dilute methyl alcohol, dried over sulphuric acid, and 
analysed. 

01706 gram of substance gave 0*5347 gram C0 2 and 0*1150 gram 
H 2 G. 

Calculated for 

C 19 H. 2 o 0 3 . Pound. 

G. 81*43 per cent. 81*20 per 1 cent. • ■ ■ 

H. ' 7*14 „ ' 7-11 

; ; . O........ 11*43 , „ ,, 11*09 , y ; y 
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^(W-Dibenzoylpentane crystallises from dilute m d.hyl alcohol in 
long, colourless needles, melts at 67—68°, and when heated in small 
quantities under the ordinary pressure it distils at a temperature 
above 300° with only very slight decomposition. It is very readily 
soluble in cold acetone, but is precipitated in microscopic needles on 
adding water; it dissolves freely in cold benzene and ether, but is 
only moderately soluble in cold alcohol and seemingly insoluble in 
hot or cold water. It is readily soluble in warm, light petroleum 
(70—90°), and on cooling it separates from the solution almost com¬ 
pletely in very slender needles. 

Experiments on the behaviour of this diketone towards reducing 
and dehydrating agents are in progress. 


DibemoyIpentanedioxime, C<jH 5 *0(NTOH)• [GH 2 ] 5 *C(KOH)*C 0 H 5 . 

The dioxime was prepared by treating the diketone in alcoholic 
solution with hydroxylamine hydrochloride and a large excess of 
potash as recommended by Auwers ( Ber22 , 604). After keep¬ 
ing for two days the alcohol was distilled oft*, the residue mixed with 
water, and the solid substance which was precipitated separated by 
filtration and dried on a porous plate. It was then boiled with a 
small quantity of benzene to remove any unchanged diketone, the 
residue recrystallised from methyl alcohol,, and dried at 100°. A 
nitrogen determination was made with the following result:— 

0T70X gram substance gave 13*4 c.c. of nitrogen measured at 15 5 
and 736 mm. 

, Calculated for 

CAAA Found. 

1ST. 9*03 per cent. 9*23 per cent. 

It crystallises from boiling methyl alcohol in small, glistening needles, 
melts at 175—176°, and is readily soluble in hot acetone and glacial 
acetic acid, but only very sparingly in boiling benzene, from which it 
separates in the form of a crystalline powder. It is very sparingly 
soluble in potash, but dissolves moderately easily in concentrated 
hydrochloric acid, yielding a colourless solution from which it is 
precipitated on adding water. 

The alkaline filtrate from the dioxime, on acidifying with dilute 
sulphuric acid, gave a small quantity of a colourless substance which, 
after recrystallising from methyl alcohol, melted at 168—-169° with 
previous softening, and consisted probably of slightly impure 
dioxime. ' 
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w-BenzoylcaprQiG Acid , CcHvC 0 * [ CTT*] 5 *00 0 H. 

The alkaline solutions from -which aio -dibenzoy Ipentane had 'been 
extracted as described above contain potassium w-benzoylcaproate and 
potassium benzoate. The free acids are precipitated on adding dil uto 
sulphuric acid as an oil, which soon solidifies and can be separated 
by filtration. The quantity of the crude product obtained depends 
on the concentration of the alcoholic potash employed. In one 
experiment 20 grams of the ethereal salt was hydrolysed with an 
alcoholic solution of 10 grams of potash, and the crude acid mixture- 
weighed 2 grams ; in another experiment 40 grams of ethyl dibenzoyl- 
caproate were treated with 40 grams of potash in methyl alcoholic 
solution and 12 grams of crude acids were obtained. 

In order to remove the benzoic acid, the mixture (7 grams) is 
heated on a watch-glass at 100° until the weight becomes constant, 
which is the case after about 10 hours, and the residue (4*5 grams) 
recrystallised twice from light petroleum. The pure compound 
melted at 81—82°, and gave the following results on analysis 

0*1449 gram substance gave 0*3773 gram C0 3 and 0*0986 gram 
H a O." 

Calculated for 

CigHjgOjj, Pound. 


C. 70*90 per cent. 71*01 per cent. 

H. 7*27 „ 7*56 

0. 21*83 „ 21*43 


w-Benzoylcaproic acid crystallises from boiling light petroleum in 
long, glistening, transparent, plates and from boiling water, in which 
it is only sparingly soluble, in slender, microscopic needles. It is very 
readily soluble in cold methyl alcohol, ethyl alcohol, ethyl acetate, 
and benzene, but only moderately soluble in boiling light petroleum, 
and almost insoluble in the cold. 

The silver salt was prepared by precipitating a neutral, aqueous 
solution of the ammonium salt with silver nitrate, washing the preci¬ 
pitate with cold water, and drying over sulphuric acid. Analysis ;— 

0*3604 gram of the salt gave 0*1186 gram of silver. 

Calculated for 

C 13 Hi 5 0 3 Ag. Found. 

Ag.. 32*97 per cent. 32*91 per cent. 

is a colourless, seemingly amorphous compound, very sparingly 
soluble in boiling water, which does not darken on exposure to light $ 
when heated, it turns a beautiful peacock-green. 
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The cadmium salt, prepared by treating an aqueous solution of the 
ammonium salt with cadmium chloride, separates from hot water in 
colourless microscopic needles. Mercuric nitrate produces in aqueous 
solutions of the ammonium salt a colourless, fiocculent precipitate 
which is soluble in boiling water. Lead acetate gives a white, 
amorphous precipitate, copper suiphate a bluish-green precipitate, 
and ferric chloride a flesh-coloured precipitate. The barium salt and 
the calcium salt are granular, crystalline compounds readily soluble 
in hot water. 


Oxime of lo-Bemoylcaproic Acid, C 6 H 5 *C(hrOH)*[CH 2 ] 5 -COOH. 

w-Benzoylcaproic acid, dissolved in alcohol, was treated with 
hydroxylamine hydrochloride and a large excess of potash, and the 
solution kept for two days at the ordinary temperature. The alcohol 
was then partially distilled, the residue mixed with water, acidified 
with dilute hydrochloric acid, and the precipitated oil extracted with 
ether; the ethereal solution was washed once or twice with dilute 
hydrochloric acid, and then with water, dried, and the ether evapo¬ 
rated. The oxime remained as a yellowish oil, which, when kept 
over sulphuric acid under diminished pressure, gradually solidified. 
It was spread on a porous plate, washed with a little light petroleum, 
dissolved in cold benzene, and precipitated from the solution with 
light petroleum. 

The oxime of benzoylcaproic acid is thus obtained in colourless, 
microscopic needles melting at about 75°. A nitrogen determination 
gave the following results :— 

0T996 gram substance gave 10*25 c.c. 1ST at 14° and 740 mm. 

Calculated for 

C l3 H 17 O a N. Bound. 

1ST .. 5*96 per cent. 5*88 per cent. 

It is very readily soluble in ether and cold benzene, but only 
sparingly in hot water, and almost insoluble in cold light petroleum. 
It dissolves freely in caustic alkalis and in concentrated hydrochloric 
acid, but it is partially reprecipitated when the acid solution is 
diluted. 
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XXXVII L—Aeetopropyl Alcohol and AcetolmUjl Alcohol 

By Harold G. Colman, M.Sc., Ph.D., and W. EL Perkin, Jnnr. 

In a previous communication to the Society (Trams., 1887, 51, 702), 
it was shown by one of us that acetobutyl alcohol, obtained by boiling 
methyl cl ehydrohexonecarboxy lie acid with water, differs very widely 
from the substance of that name obtained by Lipp (Ber. } 1885, 3280) 
by boiling etliylie w-bromopropylacetoaeetate with dilute hydrochloric 
acid, the boiling point of the former being 227°, whereas the latter 
product distilled at 154—155°, a difference of 70°. 

In a paper published some time since (Ber., 1888, 2188), u On the 
Action of Sodium on Ethylie Monochloracetate, } ’ Pit tig and Erlen- 
bach, in describing a substance boiling at 128°, which they supposed 
to be acetoisopropyl alcohol, took occasion to state that the acetobutyl 
and aeetopropyl alcohols previously described by us could not possi¬ 
bly have the constitution assigned to them—owing to their syrupy 
consistency and high boiling points—and that the description given 
by Lipp of his acetobutyl alcohol agreed much better with the proper¬ 
ties such a substance might be expected to possess. In a later paper 
(Ber,, 1888, 2647), these chemists discovered that their compound 
was not acetoisopropyl alcohol, but was simply acetol ethyl ether, 
OHyCO*CHyO*C 2 H 5 . 

As, however, in spite of this, they did not withdraw their previous 
remarks on the nature of aeetopropyl and acetobutyl alcohols, and 
as we have extensively used these substances in the synthesis of ring- 
derivatives, and drawn important theoretical conclusions from the 
results obtained, we have thought it necessary to again carefully 
examine these alcohols with a view to further .establishing their 
identify. 

If the question of the probable properties of such a substance as 
acetobutyl alcohol, CH : fCO*[OH 2 ]a*CH 2 *OH, is carefully examined, it 
is soon apparent that a compound of this formula should be a thick 
oil boiling considerably above 200°. 

Taking into account a large number of cases, it is found that the 
usual result of displacing one hydrogen-atom in an organic substance 
(boiling between 100° and 180°) by the group CH/CO, is to raise the 
boiling point of that substance some 100° to 120°. 

Mow, taking normal butyl alcohol (b, p. 118°) as a basis, and sub¬ 
stituting OByCO for one hydrogen-atom, we find that the calculated 
boiling point of acetobutyl alcohol lies between 218° and 288°, 
whilst the boiling point observed was 227°. Again, acetobutyl alco- 
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hoi would, in its physical properties, "bear considerable resemblance 
to the class of glycols, and this is borne oat by the fact that these 
compounds, and particularly the higher numbers, are thick, oily 
liquids boiling at high temperatures. 

In the original investigation of acetobutyl alcohol (Trans., 1887, 51, 
717—725) the following attempts were made to prove its constitu¬ 
tion . 

The ketonic nature of the substance was demonstrated by the fact 
that it combined with phenylhydrazine—the fact that it was also an 
alcohol was shown by its being converted into acetobutyl bromide on 
treatment with aqueous hydrobromic acid. The portion of the 
carbonyl-group in relation to the alcohol-group was shown by the 
behaviour of acetobutyl alcohol on oxidation, when it decomposed 
first into aeetobutyric acid and then, under the influence of an excess 
of oxidising agent, into acetic acid and succinic acid:— 

(L) CH 3 *CO*[CH 3 ] 3 *CH 2 -OH + 0* ±= OHyCO'[CH 2 ]yCOOH 4- H a 0. 
(2.) CH 3 *CO-[CH 2 ] 3 -CH 2 *OH + 50 = CH 3 -COOH + 

COOH-CH 3 ‘CH 2 'CQOH 4 - h 2 o. 

The constitution of acetobutyl alcohol is also clearly demonstrated by 
the reduction of acetobutyl bromide to methyl butyl ketone by means 
of zinc and acetic acid :— 

0H 3 *C0*[CHJ 3 *CH a Br + H = CH 8 -CO*[CH,]yCH 3 4- EBr. 

The constitution of acetopropyl alcohol was proved by the fact that 
this substance on oxidation yields levulinic acid, thus :— 

OHV CO * 0 H a * CH 3 * 0 EL* OH 4- O ft = CHyCO*CH 2 -CH 2 -COOH + H 8 0. 

JFittig, however, does not consider this a proof of the constitution of 
this alcohol 21, 2139). 

In order, if possible, to bring further proof of the constitution of 
these two important ketone alcohols, specimens of each were prepared 
and purified with the greatest care, and them magnetic rotation 
determined by Dr. W. H. Perkin, senr. The numbers obtained 
showed clearly that these substances had the constitution assigned to 
them, and that they were two members of a homologous series, the 
difference for CH 2 being found as 0*958 instead of 1*023. 

These proofs of the constitution of the acetopropyl and acetobutyl 
alcohols being so satisfactory, all that remained to be done was to 
examine into the nature of the substance described by Lipp as aceto¬ 
butyl alcohol, and to determine in what respects this substance 
differed from the acetobutyl alcohol obtained by boiling methyl- 
debydrohexaneearboxylic acid with water. < 
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The hydrolysis of ethylie w-propy lacetoacetato by moans of hydro* 
chloric acid was therefore carried out according' to Lipp’s directions, 
.and as a result an oil was obtained which, on analysis, gave numbers 
agreeing approximately with those required for aeetobutyl alcohol, 
and which distilled apparently at 154—155°. Subsequent experiments 
showed, however, that this temperature, instead of being the boiling 
point, was in reality the decomposing’ point of the alcohol: the reason 
for this being, that the slightest trace of impurity is sufficient to 
prevent aeetobutyl alcohol from distilling without the most rapid 
decomposition into its anhydride (methyldehydrohexone) and water, 
the thermometer remaining constant at 154—155°. 

Lipp’s aeetobutyl alcohol, when not too impure, can ho distilled 
with slight decomposition under reduced pressure ; the boiling point} 
noticed in two cases being 157° under 100 mm. pressure and 171° 
under 177 mm. pressure ; on distilling aeetobutyl alcohol from, 
metliyldehydrohexonecarhoxylic acid under the same conditions, 
almost identical boiling points were noticed. 

Pure aeetobutyl alcohol was obtained from Lipp’s crude product 
by distilling with steam, fractioning the methyldehydrohexone ihim 
obtained, and treating it with water. In this way a thick oil wan 
obtained which distilled under ordinary pressure at 225—227°, and 
was in every respect identical with the aeetobutyl alcohol from 
methyldehydrohexonecarboxylic acid. 

These and other experiments, an account of which will he given 
later on, prove conclusively that aeetobutyl alcohol when pure boils 
at 225—227°, and not at 154—155° as stated by Lipp. Acetopropyl 
alcohol behaves in every respect, physically as well as chemically, as 
the lower homologue of aeetobutyl alcohol, and as this substance 
gives levulinic acid on oxidation, no further experiments in proof of 
its constitution are necessary. 


Preparation of Aeetobutyl Alcohol by Lipp's Method . 

In repeating Lipp’s experiments, his instructions, as given in the 
Benckte , 18, 3275, were followed exactly, with the one exception that 
instead of 80 grams of trimethylene bromide 50 only were taken, the 
former number being evidently a misprint, as is clearly seen from the 
fact that Lipp mentions that he uses 1 mol. of trimethylene bromide 
to 1 mol. of ethylie sodacetoacetate. 

The oil obtained by the addition of water to the product of the 
reaction was washed with caustic potash solution, and then with 
water, and dried over potassic carbonate. This crude ethylie hromo- 
propyl acetoacetate weighed from 55 to 60 grams; it contained as 
imparity considerable quantities of trimethylene bromide and some 
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ethyl methyldehydrohexonecarboxylate, besides small quantities of 
etliylic acetoacetate. This oil was now digested with hydrochloric 
acid, the same quantities being used as given by Lipp, the product 
separated from the unchanged trimethylene bromide (about 20 grams), 
and about one-fifth of the water distilled off. The solution was then 
saturated with potassic carbonate, and the oily layer which separated 
dried over potassic carbonate, and allowed to stand for three or four 
days over sulphuric acid in a vacuum as Lipp directs, and then 
analysed. 

Two different samples gave the following numbers:— 

I. 0T545 gram substance gave 0T390 gram H 2 0 and 0*3380 gram 
C°, 

II. 0*2340 gram substance gave 0'2090 gram H 2 0 and 0*5150 gram 

C0 2 . 

hound. 

Calculated for /- A -^ 

ch 3 -co-ch 2 -ch 2 -ch 2 *ch: 2 -oh. i. ii. 

O -...... 62*06 p. c~ 59*67 60*02 p. c. 


H.. 10*35 „ 10*00 9*92 „ 

O. 27*59 „ 30*33 30*06 „ 


An examination of this oil showed that it contained, besides other 
impnrities, small quantities of bromine. On submitting it to fractional 
distillation under the ordinary pressure, the thermometer rises rapidly 
to 150°, at which temperature vigorous decomposition sets in, and 
between 150—160° almost the whole distils over, the distillate con¬ 
sisting of two layers, the upper one being a mixture of methyl- 
dehydrohexone with acetobutyl alcohol, and the lower one acetobutyl 
alcohol and water. The boiling point, 154—155° (718 mm.), given by 
Lipp is, therefore, evidently the decomposition point of this crude 
alcohol into water and its anhydride methyldehydrohexone. These 
recombine to some extent in the receiver, and probably almost entirely 
on standing. 

A very carefully prepared sample of Lipp’s product was now 
fractioned under reduced pressure (100 mm.), when it was found to 
boil fairly constantly at 157° with very little decomposition. An 
analysis of this preparation gave the following result:— 

0*1335 gram substance gave 0*1260 gram H 2 0 and 0*3015 gram 

C0 2 . 

Calculated for 

C 6 H 12 0 2 . Found. 


C .... 62*06 per cent. 61*59 per cent. 

H .* 10*35 „ 10*49 „ 


O . 27*59 „ , 27*92 
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Even after distillation in a vacuum, tliis alcohol is far from pure, 
and attempts to refraction the product invariably lead to its decom¬ 
posing* into anhydride and water even under very low pressures such 
as 20—30 mm., and, curiously enough, although this substance was 
prepared a great number of times, it was only on two occasions 
found posssible to distil it at all. 

An attempt was next made to purify this crude substance by dis¬ 
tillation in a current of steam. About 30 grams of the crude oil 
were taken, and the distillate containing* a quantity of oil in sus¬ 
pension was extracted with ether. The ethereal solution was dried 
carefully over carbonate of potash, the ether distilled off, and the 
resulting oil distilled. Almost the whole passed over between 105° and 
111 0 , and on re-fractioning a beautifully colourless oil was obtained 
boiling* constantly at 109°, and consisting of pure methyldehydro- 
hexone, as the following analysis shows :— 

H2100 gram substance gave 0T947 gram H 2 0 and 0*5638 gram 
C0 2 . ' 

Calculated for C fi H 10 O. Found. 


0 ........ 73*46 per cent. 73*21 per cent. 

H . 10*20 „ 10*29 

O . 16*33 „ 16*50 


When shaken with a considerable quantity of distilled water and 
allowed to stand for some days, this oil completely dissolves forming 
acetobutyl alcohol. On saturating the solution with carbonate of 
potash, extracting with ether, drying very thoroughly over carbonate 
of potash, and evaporating, a colourless oil was obtained which 
under the ordinary pressure distilled without decomposition between 
225—227°, and gave the following numbers on analysis, showing that 
it was pure acetobutyl alcohol. 

0*1604 gram substance gave 0*1538 gram 33*0 and 0*3657 gram 

0O 9 . 

■ Calculated for 0 fi Hi 2 0 2 . Found. 


C . 62*06 per cent. 62*17 per cent. 

H . 10*35 „ 10*65' „ 

O . 27*59 „ 27*18 


On careful examination, this substance was found to be identical 
in all respects with the acetobutyl alcohol previously obtained by one 
of us (Trans., 51, 716—720) by boiling methyldehydrohexonecarb- 
oxylic acid with water— 

; ^ , CHyC-O—OH, _ 0H S *00 

GOOH ; C-OH 2 'OH 3 3 CH 3 -CH 3 -CH 2 -CH 3 ’OH + °° 2 ' 
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The decomposition represented by this equation is not only a quanti¬ 
tative one, but the acetobutyl alcohol obtained is so pure that 'when 
perfectly dry it distils at once at 227° with the merest trace of decom¬ 
position, the resulting product being* almost free from smell. 

The camphoric odour which Lipp ascribes to his product is clue to 
various impurities, and particularly to methyl delay drohexone, the 
presence of this substance would also explain the mobility of Lipp’s 
alcohol. 


Acetopropyl Alcohol , CH 3 *CG*CH 2 *CH 2 ‘CH 2 *OH, and Acetopropyl 
Bromide , CHyCO-CHo-CHo^CH.Br. 


The acetopropyl alcohol used in the following experiments was 
prepared according to a method previously described (Trans., 1887, 
51, 829), which consists in boiling acetyltrimethylenecarboxylic acid 
with water until the evolution of carbon dioxide ceased, saturating 
the liquid with potassic carbonate, and extracting with ether. The 
product obtained boiled constantly at 144—145° (100 mm.), and 
possessed all the properties previously assigned to it. 

To prepare acetopropyl bromide, the alcohol was mixed with a 
saturated aqueous solution of hydrogen bromide, and the liquid 
heated on a water-bath for one hour. The product was poured into 
water, the excess of hydrogen bromide neutralised with sodic 
carbonate, and the bromide repeatedly extracted with ether, the 
ethereal solution evaporated, and the resulting oil fractioned under a 
pressure of 90 mm. Almost the whole of it distilled at 115—120°, 
a little hydrogen bromide being eliminated, as is also the case in the 
distillation of acetobutyl bromide; owing to this decomposition, the 
bromine determinations made with a product boiling constantly at 
118° (90 mm.) came a little too low. 

I. 0T548 gram substance gave 0T087 gram AgBr. 

II. 0*1807 gram substance gave 0*1973 gram AgBr. 

III. 0*2350 gram substance gave 0*2480 gram AgBr and 0*0050 
gram Ag. , 


Calculated for 

■ CXX 3 * CO * C I i 2* CH 2 * GII^Br. 

Br. 48*48 p. c. 


Found. 

( - A --- \ 

I. XI. III. 

46*37 46*42 46*48 p. e. 


When freshly distilled, acetopropyl bromide is a colourless mobile 
liquid, which has a penetrating odour closely resembling that of 
acetobutyl bromide. On standing, it rapidly becomes dark coloured, 
especially when acted on by light. 

Acetopropyl bromide is remarkable for the ease with which it 
decomposes with elimination of hydrogen bromide. Experiments 




358 ACETOPBOPYL ALCOHOL AND ACETOBUTYL ALCOHOL* 


made on the action of sodio ethylate and elhylic sodioiualonato on this 
bromide invariably resulted in the formation of a light, ethereal oil 
boiling at 113°, which appears to be identical with acetyltrimethylene 
(Trans,, 1887, 51, 832). In that case, it would seem that the 
elimination of hydrogen bromide took place according to the equa¬ 
tion— 


CHa’C 0* CH 3 * OH-/C H 2 Br = 


CH,;CO*OH 

CIT S 


>OHa + HBr. 


As we were on the point of forwarding this paper for publication, 
we received the last number of the Berichte , containing an article by 
Lipp on acetopropyl alcohol (J3er., 22, 1196). 

In this article Lipp describes a repetition of the experiments made 
some time since by Freer and Perkin (Trans., 1887, 51, 834—835) on 
the action of hydrogen chloride on e thy lie w-bromethylacetoacotate, 
Ms results confirming in every particular those previously obtained. 
On account of the comparatively high temperature at which 
acetopropyl alcohol boils, Lipp states in a footnote (p. 1198) that the 
boiling point of acetobutyl alcohol previously given by him, is pro¬ 
bably the decomposition point of this substance, a view which agrees 
with that deduced by us from the results of the experiments described 
in our present paper. Lipp then proceeds to describe the preparation 
of acetopropyl alcohol by the hydrolysis of the crude product of the 
action of ethylene bromide on ethylie sodacetoacetate (ethylie 
w-hromethylaeetoacetate), and gives in detail the conversion of this 
alcohol into levulinic acid by oxidation. These reactions have already 
been carefully studied by Freer and Perkin (Trans., 1887, 51, 834) 
and by Oolinan and Perkin (1888, 53,189—190). Lipp also prepared 
w-bromopropyl methyl ketone (acetopropyl bromide) by treating 
acetopropyl alcohol with hydrogen bromide, and his description of 
this substance agrees in every respect with, that given hv us in this 
paper. 

In this interesting paper on acetobutyl alcohol, Lipp has unfortu¬ 
nately based his criticisms of the results previously obtained by us on 
short and very incomplete abstracts of our papers which have from 
time to time appeared in the Chemisches Centralblatt , and he has 
thus been led to make a number of experiments which otherwise 
would have been unnecessary. 

To this canse is also to be attributed the statement that he makes that 
we never prepared acetopropylaleohol in a pure condition, and that 
we obtained it only as a very thick, unstable oil, which decomposed on 
distillation. On referring to our original papers (loo. it will be 
found that every pains was taken to get this substance in an especially 
pure condition, in order to allow of its magnetic rotation being deter- 
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rained, and, as a result, a "beautiful product was obtained, boiling con¬ 
stantly at 144—145° (100 mm. pressure), and this, as tlie analytical 
numbers, as well as those obtained in the determination of its magnetic 
rotation show, must have been very pure indeed. Both acetopropyl 
alcohol and acetobutyl alcohol have been prepared by us In very large 
quantities for use in various synthetical experiments, and experience 
has shown that these substances are very readily obtained in a state 
of purity by boiling acetyltrimethylene- and methyldebydrohexone- 
carboxylic acids with water, whereas the products obtained by the 
hydrolysis of ethylic w-bromethyl- and bromopropyl-acetoacetates are 
invariably very crude and difficult to purify. A criticism of the 
remarks which Lipp makes, at the conclusion of his article, as to the 
constitution of ethylic acetyltrimethylene carboxylate, will form the 
subject of a future paper. 


XXXIX .—An Improved Soxhlet Extractor, and Apparatus for Distilling 

m a Vacuum . 

By J. Lewkowitsch, Ph.D. 

(1.) An Improved Soxhlet Extractor, 

When using the ordinary form of Soxhlet extractor, there is always 
a doubt as to the exact time when the substance is completely 
extracted, unless the whole apparatus is taken to pieces, and a test 
made by putting a fresh supply of the solvent into the extractor. 
As a rule, therefore, the extraction lasts far longer than is necessary, 
and this involves not only loss of time but also of the volatile* 
solvent. To avoid this, I use a Soxhlet extractor, fitted up with a 
test tap in the syphon-tube as shown in Fig. 1; this allows a few 
drops of the solvent to be drawn off: at any time to see whether it 
contains any of the substance to be extracted. 

(2.) Flash for Distilling Frothing Liquids in a Vacuum, 

On distilling frothing liquids in a vacuum, it has always been 
found useful to allow a very small quantity of air or of an indifferent 
gas to pass through the liquid by means of a finely-drawn tube, 
reaching nearly the bottom of the distilling-fiask. When the quan¬ 
tity of the substance is small, and a small dlstilling-flask has to be 
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used, it will "be found almost impossible to insert at the same tune 
both a tube of this kind and a thermometer. In this ease, I find a 
distilling-flask of the form of Fig. 2 very convenient. 



(3.) An Adapter for Fractional Distillation in a Vacuum. 

Numerous pieces of apparatus for this purpose have lately been 
described, most of which are very complicated, and, therefore, out of 
the question in a laboratory, where fractional distillation in a vacuum 
has to foe performed daily. I recommend, therefore, in cases when* 
a vaejuum-pipe with several taps is available (or a second water 
injector-pump) an adapter like that shown in Fig. 3. The tube a is 
"connected with a Liebig condenser, and b and c> by means of india- 
rubber tubing, with two taps of the vacuum-pipe. On starting, the 
distilling-flask, the adapter and the Erlenmeyer flask are exhausted 
through b and c, the stopcock d being open. When the first fraction is 
collected, the tap d is closed, whereby the Erlenmeyer flask is shut oil 
from the vacuum-pipe &, and it is then filled with air by disconnecting 
the india-rubber tubing from c. The Erlenmeyer flask can now easily 
be taken off, and emptied or replaced by another, while the distillation 
is carried on without interruption. When the Erlenmeyer flask is 
fitted on again, it is exhausted at c as before, the tap d opened, and 
the second fraction collected. I have used this adapter for some years, 
and found it work most satisfactorily. 
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XL ,—On a Method of Investigating the Dissolution of Metals in 

Acids. 

By V. H. Vblbt, M.A., the University Museum, Oxford, 
Introduction. 

In recent years, various accounts have been published on the dissolu¬ 
tion of metals in acids as a result of a chemical change. Thus 
Kajander in Bull. Soc. QMm. [2], 34, 325 (an abstract from a Russian 
communication), has determined the relation between the weights of 
magnesium dissolved per unit time, and the concentration of the acids 
used, as also the variation produced by the addition to the acid of 
foreign salts and liquids. Thorpe (Trans., 1882, 287) has studied 
the reduction of ferric salts in acid solutions by various metals. 
Divers (Trans., 1885, 598) has ascertained the relative effects of 
sulphuric and nitric acids, taken separately and together on metallic 
zinc. More recently, Spring and van Aubel (Ann. Chim. Phys. [6], 

; 1 vouxy, 1 i ' 2 D 
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11, 505) conducted some elaborate experiments on the interaction of 
zinc, containing a small proportion of lead, with sulphuric and the 
halogen acids. In, most of the experiments described in these memoirs, 
a more or less regular surface of the metal has been placed at rest 
within the dissolving acid, and either the loss in weight of the metal 
determined at given intervals or the times noted which were required 
for the evolution of a definite volnme of hydrogen or other gas. 
From these experiments the observations of those familiar with, the 
preparation of hydrogen from zinc and sulphuric acid have been con¬ 
firmed, namely, that within certain limits the more concentrated the 
acid and the higher the temperature, the more rapid the solution* of 
the zinc. But in the method of experiment adopted the measured 
result is one of mixed causes, each one of which is variable at any 
moment of time, and its peculiar effect not susceptible of mathemati¬ 
cal analysis. For it is obvious that if the metal is at rest within, the 
acid its measured rate of solution is dependent, inter alia , not only 
upon the surface exposed and the local rise of temperature due to the 
chemical reaction, but also upon the rate of diffusion of the metallic 
salt formed in the acid liquid, the actual disengagement of the gas- 
bubbles from the surface of the metal, and the rate of removal by 
these bubbles of the concentrated salt solution in the immediate 
vicinity of the metal. Thus if a cylinder of zinc be placed in dilute 
sulphuric acid, it is a common matter of observation that at first 
the bubbles of hydrogen gas persistently cling to the metallic sur¬ 
face, but subsequently are more readily removed owing to the forma¬ 
tion of points on the surface due to the production of local electric 
circuits. In another paper (Phil. Trans,, 1888, A, 285), I have re¬ 
marked that the increase in the rate of evolution of hydrogen from 
zinc and dilute sulphuric acid caused by the reduction of the super¬ 
incumbent pressure, can partly be explained by the formation of 
larger bubbles of gas, whereby the solution of the zinc sulphate is 
more readily removed. Again, though as is well known, zinc under 
the same conditions dissolves more readily in dilute hydrochloric 
than in sulphuric acid containing the same quantity of replaceable 
hydrogen per unit volnme, yet it is possible that this result may bo 
due to the greater diffusibility of zinc chloride in hydrochloric acid 
than of zinc sulphate in sulphuric acid. Spring and van Aubel in 
their experiments either kept the surface of the metal constant or 
allowed for its variation, but the results of others, obtained with 
sheets of metal, are comparatively valueless in that the actual surface 
owing to inequalities may vary within almost infinite limits. To 

# Here and throughout this paper the word solution 17 will be used, it being 
Understood to imply solution as a result of chemical change, between the metal and 
'-the acid, ' ■ 
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avoid some of the above difficulties, attempts were made to devise a 
method which could be applied to measure the rate of solution of 
metals in acids under such conditions that not only fresh surfaces 
of a regular geometric figure of the metal are continually being 
exposed, but also the products of the change, whether gas or metallic 
salt, are continually being removed from the vicinity of the dissolving 
metal. An outline of the research has already been indicated in this 
Journal (Abstr., 1888, 104). 


Apparatus. 

The first apparatus used consisted of two watch-glasses (Fig. 1) 
placed one above the other in opposite positions, so that the upper one 
presented from above a concave, the lower a convex surface. These 

Fig. 1. 



glasses were wired to one another, as also to a hollow glass bulb by 
means of which they were floated under the surface of the acid liquid 
contained in a beaker. The liquid was kept stirred by a current of 
carbonic acid produced in a Kipp’s apparatus and washed by bubbling 
through a Wolff’s bottle containing water; thence it'passed into a 
piece of quill glass tubing bent twice at right angles, and ending in a 
small thistle-funnel. The horizontal and lower vertical limb of the 
tube were of such lengths and the containing beaker of such a dimen¬ 
sion that each babble of the gas as it issued from the thistle-funnel 
struck the lower of the two watch-glasses on one side, and thus in 
passing by tilted the whole arrangement of glasses and bulb. The 

1 2 d 2 
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down-draught of the liquid caused the apparatus to return to its 
former position in time for another gas-bubble to tilt it again. 
Thus the whole of the acid liquid was continually stirred, and a 
spherical bullet of metal on the upper of the two watch-glasses 
continually rolled about. 

The edge of the upper glass was slightly corrugated, so that the 
bullet should not roll off. The friction between the glass and bullet, 
together with a slight spin given by the gas-bubbles, prevented the 
bullet from rolling always on the same axis, and thus become 
spheroidal. This apparatus was devised some years ago by Mr. 
Yemen-Harcourt for experiments on the same subject. 

The beaker was placed on an iron plate, under which was a small 
gas-flame; the variations of temperature did not exceed a few tenths 
of a degree on either side of that required. To prevent access of dust 
the beaker was covered with a glass plate provided with two holes, 
through one of which passed the thermometer, through the other the 
carbonic anhydride tube. Experience showed that it was above all 
things necessary to pass the same number of gas-bubbles per 
minute. 

The apparatus described above, though simple, yet presented some 
disadvantages. Firstly, it is obvious that, assuming the impact given 
by each bubble of carbonic anhydride to be equal, a smaller bullet 
would receive a greater shock than a larger one, and as all experi¬ 
ments showed that the rate of solution, cceteris parities, varied with the 
motion imparted to the bullet, the amount dissolved per nnit area 
•would increase with decrease of its size. This was found to be the 
case after a certain limit had been passed. Secondly, it was found 
difficult in practice to ensure the passage of the same number of gas- 
bubbles per minute. The results, however, obtained with the appa¬ 
ratus were sufficiently accurate to determine the relation between the 
rate of solution and the temperature, and are recorded below in 
Tables I to X. To obviate this source of error and inconvenience 
an integrating machine was devised, by means of which the bullet 
was caused to revolve round the same path the same number of 
times, whatever its diameter. The apparatus consisted essentially of 
a wooden cone 0 (Fig. 2), rotated by means of a water-motor; a brass 
disc, D, worked by friction on the cone, and the former could be moved 
along a brass rod, R, provided with a scale of 200 mm., and set 
parallel to the cone ; the rod rested above and below upon guides, Cf, 
Cx, screwed to a wooden base-hoard. The lower extremity of the rod 
ended in a hollow ferrule, into which was inserted a rubber cork ; 
through this passed a sealed piece of glass tubing, hearing at a con¬ 
venient distance from the end of the rod, a small flat glass dish, D, 
about 70 mm. in diameter, with upturned edges. The dish was 
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pierced with several holes to allow the liquid to flow out continually. 
The tube and dish were set at angle of 45° within the beaker contain- 

PlG. 2. 



ing the dissolving liquid ; the metallic bullet rested on the rim of the 
dish. 

When the cone is rotated at an uniform rate, the rotation of the 
brass rod, as also of the glass vessel, varies with the position of 
the disc on the cone; accordingly, for any known diameter of the 
bullet the disc is placed at a certain mark on the graduated scale of 
the brass rod. Thus, the rotation of the rod. and of the dish can be 
made proportional to the diameter of the ballet, so that it will be 
revolved round the same path the same number of times, whatever 
be its diameter. The glass dish was set slightly eccentrically on the 
tube to prevent the bullet from always revolving ou the same axis. 
To reduce the velocity of the rotation of the water-motor, the driving 
wheel of which revolved about 1560 times per minute, a tangent 
screw (S) was interposed between it and the cone; the rotation of a 
driving wheel connected with the screw was kept constant at 26 times 
per minute, whereby the rotation of the cone, worked by an endless 
band, was also kept constant. This apparatus was devised in outline 
by my friend Mr. T. P, Sells, of hfew College, Oxford (to whom I 
would express my thanks); it was constructed and improved by the 
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Cambridge Philosophical Instrument Company. The results obtained 
by its use are recorded in Tables XI to XXL In these latter experi¬ 
ments, a fairly uniform current of carbonic anhydride was passed as 
before, and the arrangements for keeping the temperature constant 
(not represented in cut) were slightly modified. 


Determination of the Surfaces of the Bullets . 

If it could be insured that a metallic bullet, initially spherical, 
retained its form perfectly, its surface could be calculated from its 
mass and specific gravity. As, however, this was not always the case, 
it was thought to be more exact to calculate the area from a measure¬ 
ment of the axes taken in different directions; this was effected by 
means of a micrometer caliper, which measured to 0*013 mm. 

The areas corresponding to each of the several diameters were cal¬ 
culated, and their mean value Ai taken. After the bullet had been 
rolled about in the acid liquid for one hour, it was removed, washed 
with distilled water, and dined at 80—90°; its axes were again 
measured, their corresponding areas calculated, and their mean value 
Ao taken. The average of the former and latter mean values, namely, 

ijjjl —1 — A, was taken as the mean area of the bullet during the 
£ 

course of the experiment. The difference between the greatest and 
least axis seldom exceeded 0*05 mm. (the difference being generally 
0 026 mm.); when, however, this was the case, the area was calcu¬ 
lated by means of the following approximate formula :—Let 2a, 26, 2e 
he the greatest, mean, and least axis respectively, and let e be the 
eccentricity of the ah section ellipse given by (i) h 2 = a 2 (1 — e*) 2 , 
and e 2 that of the he section ellipse given by (ii) c 2 = 1/ (I — e*) 8 .. 
Then total surface of the ellipsoid, e x and e 2 , being very small; 

(iii) A = 4 ttC 2 ^I — 
wherein e x and e 2 are given by (i) and (ii). 


Method of Experiments. 

The bullet was weighed before and after each experiment, and the 
loss in weight M, divided by the mean area A, was taken as the factor 
for the comparison of the results. For convenience this is expressed 
in terms of decimiDigrams dissolved per one square millimetre surface. 
To make clear the whole course of the experiments, all the measure¬ 
ments and weighings are given below in Table 1(a) and (6). 

Throughout the various manipulations, the metallic bullet was 
'never touched by the fingers, but only with a pair of brass pincettes, 
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as it is well known that the presence of a trace of grease materially 
affects the rate of solution of metals in acids. 

In the first series of experiments, such metals and acid solutions 
were used that no gas was evolved as such, as for example, zinc and 
copper in chromic acid (potassium bichromate' and sulphuric acid). 
As the results with pure redistilled zinc were rather irregular, pure 
electrotype copper was used. Messrs. Johnson and Matthey made 
from my instructions a set of copper bullets from one rod cast from 
the purest electrotype copper, each bullet weighing about 5 grams 
and turned to 0*013 mm. Before any measurements and weighings 
were made the ballets were rolled about in a solution of chromic acid 
of similar strength to that used in the actual experiments. By this 
means any polishing material used by the workmen, as also any 
superficial coating of oxide were removed, so that the bullet at the 
commencement of the first experiment presented a surface similar to 
that in all the subsequent experiments. It was invariably found that 
this exterior coating was much less readily dissolved off than the 
remainder; this was doubtless due to a denser structure of the metal 
produced by the external pressure to which the bullets were subjected 
in the processes of turning and polishing. The same result was 
produced in a more exaggerated degree by heating the bullets for 
some time at a temperature just short of that at which they softened, 
and subsequently allowing them to cool slowly. In this preliminary 
operation about 0*25 gram was removed. After the copper bullets 
had been in the chromic acid solution for several hours, their surfaces 
were, with few exceptions, as smooth and regular as at the start; the 
absence of any irregularities was at least one criterion of the homo¬ 
geneity of the copper. 

For each separate experiment, a solution of potassium bichromate 
was made by dissolving a known weight of the crystals in water; to 
it was added a volume of diluted sulphuric acid containing a known 
weight of the acid; the whole was then made up to one litre. The 
strength of the sulphuric acid, a considerable quantity of which was 
made up at one time, was determined either by precipitation with 
barium chloride, or by titration with sodium carbonate. In the first 
series of experiments, such quantities of potassium bichromate were 
used that taking the average quantity 0*33 gram of copper dissolved 
off in each experiment, the quantities of bichromate and acid should 
each be diminished by about 2 per cent, with formation of 0*2 per 
cent, of water, if the action is supposed to be expressed by the follow¬ 
ing equation 

SCu + K 2 Cr 3 G 7 + 7H 2 S0 4 = K.SO^Or^CBOOa + 3CuS0 4 + 7H 2 0. 

'/Thus if 59 grams of the bichromate and 64*4 grams of sulphuric 
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acid are taken, 2*0 per cent, of the former acid and 2*1 per cent, of the 
latter are used up per hour, with increase of dilution of 0'022 percent. 
Thus at the end of the experiment the composition of the dissolving 
liquid did not differ materially from that at the commencement. It is 
probable that the above change takes place in two successive stages ; 
first the copper reduces the chromic acid to the sesquioxide, it being 
itself converted to the oxide; and secondly, these metallic oxides 
dissolve in the sulphuric acid present. If the movement either of the 
bullet or of the liquid were insufficient, the temporary formation of a 
dark green coating on the metal was always observed. 

As a preliminary basis it was obviously necessary to prove firstly, 
that the mass dissolved varied directly with the area, namely, that the 
values for M/A under constant conditions of acidity and temperature 
were constant, and secondly, that under the same conditions two 
different bullets dissolved at the same rate. In Table I (a) are given 
(I) the weight in grams of the copper bullet at the commencement 
of each experiment, (II) its weight at the conclusion, and (III) the 
difference between (I) and (II) or the quantity dissolved off, (IV) the 
mean area calculated as explained above, and (V) the value of M/A 
expressed as decimilligrams dissolved off per 1 square millimetre per 
hour. In Table I (b) are given the measurements of the axes in 
milh’metres as a sample of the valuations from true sphericity; in 
other series these measurements will be omitted. 


Mixture TaJcen. 

59’0 grams potassium bichromate 1 , , 

.•», ° i t } made up to 1 litre, 

o-l 4 ,, sulphuric acid.J 

Temperature 21°. 


Table I (a). 


Weight in grams 

Weight in grams 

Loss. 

Mean area in 

Value for . 

A 

at commencement. 

at conclusion. 

s<p mm. 

I. 4-7307 

4 *3585 

0*3722 

308-75 

12 *05 

II, 4-3585 

4 *0133 

0*3452 

293 *04 

11. *89 

III, 4*0133 

3 *6848 

0 *3285 

275 *94 

11*91 

IV. 3 *6848 

3 *3685 

0*3163 

265 *33 

11 *92 

V. 3 *3685 

3 *( 658 

0 *3027 

245 *61 

12 *21 

VI, 3 *0658 

2 *7838 

0*2933 

227 *63 

12 *25 


Mean value for M/A ..... 


12*05 
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Table I (5). 


No. 


At 


I.. 


{ 


II.. 


{ 


commence¬ 

ment. 


At conclusion. 


No. 


At 


10 *046 ] 
10 *033 l 

10 *020 J 

9 *804 | 
9 *791 l 
9 *779 J 


9*8041 
9*791 l 
9 *779 j 

9*5501 
9*525 [ 
9 *500 J 



commence¬ 

ment. 


At conclusion. 


9*2461 
9 *220 i 
9 *195 J 

9*0171 
8*979 [ 
8 *941J 


9*0171 
8 *979 [ 
8 *941J 

8*7381 
8*708 Y 
8 *674 j 



9*2461 
9 *220 Y 
9 *105J 


VI.. 


8*7381 
8 *708 I 
8 *674 J 


8*376] 
8*319 I 

8 *280 j * 


The results given in Table I (a) show that under the same condi¬ 
tions the values for the mass dissolved per unit area are constant 
within an error of -f 1*5 per cent,, and the measurements in Table I (b) 
show that the differences between the greatest and least axes is seldom 
more than 1 per cent. 

In Table II tlie results are given for another bullet under precisely 
the same conditions of experiment. 


Table II. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area 
in mm. 

Value for 

A 

4-7649 

4 *3801 

0*3848 

309 *65 

12*43 

4*3801 

4 *0223 

0-3578 

292 *13 

12-25 

4*0223 

3 *6795 

0*3438 

276-71 

12*48 

3 *6795 

3 *3528 

0*3267 

258-9 

12*60 

3 *3528 

3 *0498 

0*3030 

242-97 

12*53 

3 *0498 

2 *7773 

0*2725 

227 -09 

12*05 


Mean value for ' 

M/A. 


12*38 


The mean value for M/A obtained with the second bullet is 2*7 per cent, 
higher than the first bullet under the same conditions, an approxima¬ 
tion sufficiently near. The experiments recorded in Tables I and II. 
are intended only to prove the efficiency of the apparatus and the 
method of working. 
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Effects Produced by Variation of Conditions. 


I. Temperature . 

To determine the effect produced by variation of temperature a 
series of experiments were conducted with the following mixture:—■ 

r 44.-2 grams potassium bichromate 1 in x Htre of water . 

132*0 „ sulphuric acid ...... j 


Table III .—Temperature 21°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Yalue for 55. 

A 

4*6318 

4*3858 

0*246 

306*12 

8*04 

4*3858 

4*1493 

0 *2365 

294*64 

8*03 

4*3493 

3 *9208 

0*2285 

283 *8 

8'06 

3 *9208 

3*6973 

0 *2235 

272*27 ' 

8-23 

3*6972 

3*4808 

0*2165 

261*04 

8-30 

3*4808 

3*2006 

0 *2082 

251*38 

8-28 


Mean value for * 

M/A. : 


8*15 


Table IV. —Temperature 31°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Yalue for 55. 

A 

4*7160 

4 *3998 

0 3162 

309 *0 

10*23 

4*3998 

4-0976 

0 *3022 

294*64 

10*26 

4 *0976 

3 *8041 

0 *2928 

284*94 

10’25 

3 *8041 

3 *5276 

0-2745 

I 266 *57 

10*30 

3 *5276 

3 *2581 

0 -2695 

253 *39 

10*64 

3 *2581 

3 0156 

0 -2465 

240*45 

10*27 

3 *0156 

2*7736 

0-2430 

228 *99 

10*61 

2 *7736 

2 *5476 

0 -2270 

216*89 

10 *47 


Mean value for 3 

M/A. 


10*38 


Table V. —Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Yalue of 55. 

A 

4-6647 

4-2973 

0-3674 

304*92 

12*05 

4-2973 

3 *9499 

0 -3474 

288*96 

12*02 

3 *9499 

3 *6199 

0 33 

273'29 

12 -07 

3 *6199 

3*3138 

O *3061 

257 -56 

11 -89 

3 *3138 

3*0253 

0*2885 

242-29 

11-94 

2*8200 

2*5553 

0 *2652 

216-42 ’ 

12-25 


Mean value for 3 

M/A...... 


' , 12 *04 , ^ 



















THE DISSOLUTION OF METALS IN ACIDS. 


371 


Table YI .—Temperature 41°. 


W eight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4-7253 

4*3258 

0 *4002 

306 -72 

13*05 

4*3253 

3 *9523 

0*373 

290 *52 

12 *84 

3*9523 

3*5928 

0 *3595 

273 *78 

13 *13 

3 *2623 

2 *9558 

0 *3065 

238 *82 

12 *83 

2 *9558 

2 *6603 

0 2955 

222 *14 

13 *31 


Mean value of IV 

i/a. 


13 *03 


It will be seen that tlxe difference of tlie value of M/A is directly 
proportional to the differences of the temperatures. This relation will 
be manifest by the figures given below:— 


Temperature. Yalue for M/A. Log M/A. 

21° 8*15 0*9114 

31 10-38 1-016 

36 12*04 1*0805 

41 13*03 1-115 


Subtracting the first logarithmic value from each of the succeeding, 
one has-— 

(i) 1-016 - 0-9114 = 0*1047 = 2 x 0*0535 

(ii) 1*0804 - 0*9114 = 0*1692 = 3 x 0*0564 

(iii) 1'115 - 0-9114 = 0*2036 = 4 x 0*0519 

Thus the differences of the logarithms are practically in the ratio 
2:3:4, which is the same as that of the differences of temperature 
10 ; 15 : 20. Taking then the mean of the logarithmic differences as 
0*0539, and comparing the values given in Tables IV, V, and VI with 
that of Table III, the observed and calculated results will be as 


follows :— 


Obsorvod values. 

Calculated values. 

815 

— 

10-38 

10*4 

12-04 

11*84 

13-03 

13*4 

The greatest difference between the observed and calculated values 

does not exceed 3 per cent., or a 

variation which might be due to the 

differences of the rates of solution of individual bullets under inden- 

tical conditions. 


A number of other experiments were made with different mixtures 
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g£ potassium bichromate and sulphuric acid to confirm the above re¬ 
lation between temperature and rate of solution. 

Mixture Taken. 

f 29-0 grams potassium bichromate V j Htre water _ 

1 64*4 „ sulphuric acid ../ 

Table YII .—Temperature 21°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4-505 

4*2398 

0-2652 

300*05 

8*82 

4*2398 

3-9863 

0 *2535 

289 *53 

8-76 

3 *9863 

3-7401 

0*2462 

276 *42 

8-87 

3 7401 

3 '5079 

0 2322 

265*9 

8-74 

3 *2703 

3 -056 

0 *2142 

242*84 

8-82 


Mean value of li 

^. 1 


8*80 


Table YIIL —Mixture as in Preceding Series. Temperature 31°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Yalue for 

A 

4-7153 

4-3755 

0*3398 

308*5 

11-01 

4 *3755 

4*0518 

0 -3237 

292 *9 

11 *05 

3-76S3 

3 *4707 

0 *2976 

260-15 

11 *04 

3-4707 

3*1848 

0*2859 

248 -85 

XI *49 

3-1848 

2*9078 

0*277 

234-85 

11*82 

2-9078 

2*6488 

0*259 

220 56 

11*75 


Mean value for 1 

M/A ..... 


11 *36 


From the figures given below, it is evident that the difference of the 
logarithms of the values for M/A is equal to that observed for the 
difference of 10° in the preceding observations :— 


Temperature. Yalue for M/A. Log M/A. 
21° 8*8 0*9445 

31 1T36 1*0553 


Difference. 

0*1108 = 2 x 0*0554 


Adopting the above mean value, 0*0539 for 5°, the observed and 
calculated results will be as follows :— 

Observed. Calculated. 

, ' - , 8*8 — 

11*36 11*28 
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Mixture Taken. 


59*0 grams potassium bichromate 
32*2 „ sulphuric acid. 


| made up with water to I litre. 


Table IX. —Temperature 21°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

■ 

Value for 5?. 

A 

4 *7419 

4*4945 

0 *2474 

312 *33 

7-92 

4*4945 

4 2560 

0 *2385 

301*56 

7*92 

4*256 

4 *0225 

0 *2335 

290-54 

8*04 

4 *0225 

3 -8009 

0 *2216 

279-4 

7*92 

3*8009 

3*581 

0*2158 

266 *48 

8*10 


Value for M/A , 



7-98 


Table X. —Mixture as in Preceding Series . Temperature 31°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value for M. 

A 

4-7278 

4*4111 

0*3167 

30S 26 

10-27 

4*4111 

4*1093 

0 *3018 

293*39 

10 *28 

4*1093 

3 *8185 

0*2908 

279*64 

10 *40 

3 *8185 

3 *5418 

0 *2767 

266 *64 

10 39 

3*5418 

3 *2731 

0 *2687 

253 21 

10*61 

. 3*2731 

3 *0228 

0 2503 

239 *86 

10*44 


Mean value.... 



10*4 


The difference of the logarithms of the above mean values is given 
below:— 


Temperature. Value for M/A. Log M/A. 

21° 7*98 0*902 

31 10*4 1*0169 


Difference. 

0*1159 = 2 x 0*0574. 


Observed values. 

7*98 

10*4 


Calculated. 

10*26 


It will be necessary to quote only one more pair of results to illus¬ 
trate the above relation between temperature and amount dissolved 
off ; these were conducted with the cone apparatus :— 
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Mixture Taken . 


f 44*2 grams potassium bichromate 1 
148‘0 „ sulphuric acid ...... / 


made up with water to 1 litre. 


Table XL —Temperature 21°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value for 7 ~. 

A 

4*5269 

4 *2562 

0*2704 

302 -59 

8*95 

4*2562 

3-9942 

0*262 

289*23 

9 06 

3 *9942 

3-7427 

0*2515 

277*09 

9*08 

3 *7427 

3-5087 

0*234 

265 *64 

8*81 

3 *5087 

3-2777 

0*231 

254*02 

9*09 

3 *2777 

3-0532 

0*2225 

242 *33 

9*19 


Mftfl.n rain a .. _ . 



9*03 




Table XII. —Mixture as in Preceding Series . Temperature 36°. 


Weight at com¬ 
mencement 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value for 

A 

4*8232 

4-4217 

0*4015 

311*23 

12 9 

4 *2992 

3*9229 

0-3763 

287 53 

13 *09 

3*9219 

3-5767 

0-3462 

271*05 

12 -77 

3 -5767 

3 -2507 

0*326 

254*51 

12*81 

3 -2507 

2 *9406 

0*31 

238-1 

13 ’02 

2-9406 

2 *6542 

0 *2865 

224-79 

12 *75 

2 -6542 

2*3867 

0 -2765 

207 -29 

12*9 

2-3867 

2*1332 

0*2525 

192 -69 

13 *1 

2-1332 

1*8969 

0-2363 

178 -65 

13 *17 

1-8969 

1 -6772 

0*2197 

166 "86 

13*17 


Mean value. 



13 -07 


The difference of logarithms will be as follows: — 


Temperature. Value for M/A. Log M/A. 

21° 9*03 0*9556 

36 13*07 1*1162 


Difference. 

0*1606 = 3 x 0*053(5. 


Observed values. 

9*03 
13*07 

All the above experiments show that the increment of the rate of 
solution produced by increase of temperature is independent of the 
proportions of potassium bichromate and sulphuric acid present, as 


Calculated, 

13*11 
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also of the degree and kind of motion imparted to the metallic 
bullet. 

The results show that the velocity of chemical action between copper 
and chromic acid is an. exponential function of the temperature, the 
former increasing in geometrical as the latter increases in arithme¬ 
tical proportion. This relation may be expressed by the equation*— 

(i) vt = v/e* w “V, 

or (ii) vt = vtW t ~ t) , 

in which vt is the velocity at a higher temperature t, vy the velocity at 
a lower temperature and 1c is a constant. (In equation (i) e = base 
of NFaperian logarithms.) The value for h in equation (i) = 0*0108 ; 
hence it follows that the velocity is doubled for every increase of 30°. 

It is, perhaps, worth calling attention to the very simple relations 
between temperature and velocity of chemical change, first pointed out 
by Messrs. Harcourt and Esson in the case of hydrogen peroxide and 
hydriodic acid (this Journal, 1867, 492). A list of cases investigated 
which follow the same law is of interest. 

Thus the velocity of reaction between potassium chlorate and hy¬ 
drochloric acid # is doubled for every 5°, that between hydrogen per¬ 
oxide and hydriodic acid is doubled for every that between 

ferrous sulphate and potassium chlorate is doubled for every 8° 
(approximately), that between acetic acid and ethyl alcohol is 
doubled for every 12°,£ that between marble and hydrochloric acid 
is doubled for every 20°, § and that between copper and chromic acid 
is doubled for every 30°. 

As pointed out by Boguski,|[ increase of temperature produces not 
only an increase of the kinetic energy of the molecules within the 
liquid but also a decrease of viscosity. Upon these factors, concern¬ 
ing which too little is known at present, depends the numbers of 
heterogeneous molecules, which have a chance of colliding with one 
other in any unit interval of time. 

Variation of Conditions. 

II. Sulphuric Acid . 

A series of experiments were made in which the only variable in 

* W. H. Pendlebury and Miss M. Seward, Proa. Roy. Soc. y 45,125. 

f J. J. Hood, PMl May. [5], 20, 327. 

J Berthelot and Pean-St. Q-illes, Ann. Chim. Phys. [3], 60, 116, This result is 
calculated from the data given by the authors j these, though few, are sufficient to 
show that the chemical change follows the same law. This question has also been 
discussed by Lemoine, Rtudes sur les Eqidlibres chimiques, p. 178. 

§ Spring, Zmt. p ’kysikal Chem, 7 1, 219. 

II Zeit. phyxifcal Chem., 1, 563. 
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the conditions was the proportion of sulphuric acid, in order to deter¬ 
mine the effect produced by this variation. 


Mixture Taken. 


f 41*3 grams sulphuric acid... 

\ 44*2 „ potassium bichromate... 


| made up to 1 litre. 


% Table XIII .—Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value for 

.A. 

4’8033 

4*435 

0*3683 

311 -07 

11 *84 

4*435 

4-0773 

0*3577 

294 *83 

12*14 

4-0773 

3-7401 

0 *3372 

277 -51 

12-15 

3 '7401 

3 *4282 

0 *3118 

261 *92 

11-93 

3 *4282 

3 *2327 

0*2955 

247 *34 

11-95 

3 *2327 

2 *9557 

0*277 

232 *41 

11-92 

2*9557 

2*6902 

0*2655 

217*12 

11-94 

2*6902 

2 *4457 

0 *2445 

203*07 

12-04 

2 *4457 

2*2157 

0*23 

190 *26 

12-07 


Mean value ..., 



12 *00 


{ 


Mixture Taken. 

35*4 grams sulphuric acid... 

44*2 „ potassium bichromate. 


made up to 1 litre. 


Table XIY. —Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value for 

A 

4-7678 

4*4438 

0*324 

308*67 

10 *50 

4*4438 

4*1365 

0-3073 

294*08 

10-45 

4*1365 

3*8403 

0-2962 

2-SO *15 

10-57 

3*8403 

3 *406 

0-275 

266 *53 

10-34 

3 *406 

3*154 

0-252 

240 *89 

10-46 


Mean value .... 



10 *44 


1 


Mixture Taken . 



29*5 grams sulphuric acid.. 

44*2 „ potassium bichromate 


| made up to 


1 litre. 
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Table XY .—Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Talne for 

4 *6438 

4-3715 

0 *2723 

303 *96 

8*96 

4-37X5 

4 *1113 

0*2601 

292 *65 

9*06 

4*1113 

3 *8601 

0 *2512 

280 *82 

8*94 

3 *8o01 

3*6228 

0 *2372 

268*96 

8*82 

3 *6228 

3*3943 

0*2205 

256*54 

S' 91 

3 *3043 

3 *1681 

0*2255 

245*5 

9*19 


Mean value. 



8*98 




Mixture Talien. 

2S;5 grams sulphuric acid. 1 made 1 ^ 

44*a „ potassium bichromate. J 


Table XYI .—Temperature 36°, 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

iyr 

Yalue for X. 

A 

4*6632 

4-4317 

0-2315 

310*43 

7-46 

4 *213 

3 9927 

0*2203 

288 -65 

7-63 

3 -9927 

3*7837 

0*209 

278 67 

7-50 

3-7837 

3*5877 

0*205 

268 -62 

7-63 ’ 

3 -5877 

3 *3902 

0*1965 

258 -31 

7-62 

3 -3902 

3*202 

0 *1882 

247 -91 

7 -58 


Mean value ..., 



7-60 


In the above experiments (Tables XII—XYI), the quantities of 
sulphuric acid, the only variable in the conditions, have been taken 
in the arithmetical proportion 2 : 1*75 ; 1*5:1*25 :1; the values for 
M/Aare also in an arithmetical proportion (a resnlt a priori probable). 
Thus assuming a common difference of 1*4 between each successive 
number in the series of the values for M/A, the values calculated 
will be— 

13*2 : 11*8 : 10*4 : 9*0 : 7*6, 
while those found were 

13-07 : 12*0 : 10*44 : 8*98 : 7*6, 

showing a maximum error of T5 per cent, between the calculated and 
the observed numbers. 

2 E 


VOL. LY. 
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The increase in the rate of solution is proportional to the quantity 
of sulphuric acid, or the curve representing the rate of solution as a 
function of the concentration of the acid is a straight line. The 
equation for this line is 

o 14 

2 =59*’ 

in which x is the number of grams of sulphuric acid per litre, and 
y the value for M/A; this equation shows that under the same con¬ 
ditions copper would dissolve to a slight extent in an aqueous solution 
of potassium bichromate of the concentration used in the above 
experiments, without the presence of the sulphuric acid. 

III. Potassium Bichromate. 

A series of experiments were further made to determine the effect 
produced by variation of the proportion of the potassium bichromate, 
other conditions being kept constant. 


Mixture Taken. 


f 211 grams potassium bichromate 1 made to j litl , e . 
■14/*2 „ sulphuric acid.J 

Table XVII .—Temperature 36°. 








THE DISSOLUTION OF METALS IN ACIDS. 


379 


Mixture Taken. 


J 27’82 grams potassium bichromate 
\ 47*12 „ sulphuric acid ...... 


| made up to 1 litre. 


Table XYIII .—Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4*6873 

4 *3475 

0 *3398 

305 *6 ' 

11*12 

4-3475 

4*0218 

0 *3257 

290-7 

11-21 

4 -0218 

3 *7075 

0 *3133 

276 -85 

11*32 

3 *7075 

3 *4173 

0 *2903 

260 *34 

11*15 

3 -4173 

3 *1453 

0 *272 

246*57 

11*03 

3 *1453 

2 -866S 

0*2585 : 

233 *15 

11 *11 

2 *866S 

2 *6231 

0 *2437 

218*61 

11*15 

6*6231 

2*3908 

0*2323 

206 *47 

31*25 

2 *3908 

i 

2 *1226 

0-21S2 

194*03 

11*25 


Mean vain a „ .. . 



11*17 




Mixture Taken . 

33*15 grams potassium bichromate 1 ma( j 0 u i j^ re 
47*12 „ sulphuric acid.J m 

Table XIX .—Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4*6108 

4*2408 

0-37 

301*53 j 

12 -27 

4 *2408 

3*8904 

0 *3504 

286 *05 

12 *23 

3 *8904 

3 *3133 

0*3396 

269 -54 

12*60 

3*3133 

3*0248 

0*2885 

236 -56 

12*20 

3 *0248 

2*7473 

0*2775 

220-98 

12*56 

2*7473 

2*4897 

0 *2576 

206-17 

12 *49 


Mean yalue .... 



12*39 


2 e 2 
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Mixture Talcen. 

55-25 grams potassium bichromate 1 made up to x litre . 
47*2 „ sulphuric acid ...... J 


Table XX. —Temperature 86°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4-3905 

3 *9876 

0*4009 

290*64 

13-73 

3*9896 

3 *6118 

0 -3V78 

272 -28 

13 -88 

3*6118 

3 *2651 

0 *3567 

254*61 

14 -00 

3 -2651 

2 *9331 

0 332 

237*1 

14-01 

2-9331 

2 *6418 

0*2913 

220*8 

13 '81 

2 *6418 

2 *3573 

0 *2845 

206*08 

13 -81 

2 *3573 

2 *0S93 

0 *2680 

189*75 

14*12 


Mean value ..., 



13 *91 


Mixture Taken, 

f 66-3 grams potassium bichromate 1 made to j litre , 
147*12 „ sulphuric acid.J 


Table XXI. —Temperature 36°. 


Weight at com¬ 
mencement. 

Weight at 
conclusion. 

Loss. 

Mean area. 

Value of 

A 

4*656 

4*2263 

0 *4297 

306 -27 

14 *03 

4 *2263 

* 3 *8258 

0*4005 

281 *62 

14 *22 

3 *8258 

3 *4238 

0*372 

262*48 

14 *17 

3 *4238 

3*0888 

0 *335 

241*08 

18 *92 

3 *0888 

2*7071 

0*3217 

226 *84 

14*21 

2*7671 

2 *4666 

0*3002 

211*63 

14 '19 

2 *4666 

2*18/5 

O *2791 

195*13 

14*81 


Mean value ... . 



14*15 


The results set forth in Tables XYII to XXI and XII are summed 
up below; the general projections of potassium bichromate, which 
were taken in the ratio 1: 1*25: 1*5 : 2 : 2*5 : 3 ; in the second column 
are given the values for M/A, and in the third are given the difference, 
either calculated or determined, which correspond to each successive 
addition of 11T grams potassitmi bichromate. 
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Grams. 

Grams. 

Grams. 

i 

Grams. 

Grams. 

Grams. 

Proportion of potassium bichro¬ 
mate .... 

22*1 ' 
S *51 

27 *62 

11*17 

A 

33*15 

12*39 

44-2 

13-07 

55-2 

13*91 ! 

66*3 

14*15 

j 

Values of M . 

A 


Differences 


5-82 4*36 0 *6S 0‘84 0*24 


It is evident from the above figures that the effect produced by 
each successive addition of potassium bichromate is at first con¬ 
siderable, then is nearly proportional to the amount of potassium bi¬ 
chromate added, and finally is reduced almost to nil. (The numbers 
0*67 and 0*84 would become equal if there were an error of less than 
1 per cent, in any of the three values 12*39, 13*07, and 13*91.) It is 
probable that potassium bichromate, when added beyond a certain 
amount, would merely be so much inert matter, or even so much 
matter in the way of the colliding molecules of copper and sulphuric 
acid. 


Conclusion . 

The main results embodied in the present paper may be summed 
up as follows:— 

(1.) When a metallic sphere, placed within an acid liquid, receives 
an equal number of impacts per unit time, or is regularly rotated, it 
will dissolve uniformly, the amount dissolved off being* as was to be 
expected, proportional to the surface exposed. 

(2.) In the particular case of metallic copper within a solution of 
potassium bichromate acidulated with sulphuric acid, the amount of 
metal dissolved off is dependent upon the conditions of (a) tempera¬ 
ture, (b) proportion of sulphuric acid, and (c) proportion of potassium 
bichromate. 

(a.) If the temperature in degrees be varied in an arithmetical 
proportion, the amount dissolved off varies in a geometrical propor¬ 
tion. This amount is doubled for every 30°, whatever be the con¬ 
centration or acidity of the solution. This change is thus perfectly 
analogous to several others quite different from it and from one 
another in their nature. 

( h .) If the quantities of sulphuric acid, other conditions remaining 
the same, he varied in arithmetical proportion, the amount of metal 
dissolved off also varies in an arithmetical proportion. 

(c.) If the quantities of potassium bichromate, other conditions 
remaining the same, be varied in arithmetical proportion, the amount 
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dissolved off is at first increased considerably by each successive 
addition of potassium bichromate, then varies in arithmetical pro¬ 
portion, and finally is but little affected by the amount of potassium 
bichromate present. 


XLI.— Experimental Researches on the Periodic Law. Part I. 

Tellurium. 

By Bohtjsiav Brauner, Ph.D., E.C.S., late Berkeley Bellow of 
Owens College. 

On the Atomic Weight of Tellurium . 

The atomic weight of tellurium has been determined by Berzelius,, 
who for this purpose oxidised tellurium with nitric acid, and weighed 
the tellurium dioxide left on ignition. He obtained the following 
numbers : 128*9 (in 1812), 128*9 (in 1818), and 128*3 (in 1832). In 
the year 1857, v. Hauer, by analysis of the potassium tellurium 
bromide, found Te = 127*9. # Up to the present time, the round 
number Te = 128 has generally been accepted as the true atomic 
weight of tellurium, (See the atomic weight recalculations by Clarke, 
Washington, 1882; L. Meyer and Seubert, Leipsic, 1883; and 
Ostwald, Lehrbuch , Leipzig, 1884.) 

In the periodic system of elements, however, tellurium lies in 
Series YI, between antimony = 122 and iodine = 127, and it was 
therefore assumed by Mendeleeff, that the true atomic weight of 
tellurium lies between these numbers, and is about 125, as follows;— 

Sb. Te. I, 

122 125 127 

According to the recent determinations made by J. P. Cooke, as well 
as those of Stas, these elements have the following atomic weights, 
Sh = 119*96 and I = 126*86, and we may therefore expect that the 
atomic weight of tellurium will be still smaller than the above, namely, 
about 128*5. 

* All atomic weights used in this paper refer to the standard 0 « X0 } for 
reasons published by me in the Chemical News, 58, 307, and Her., 22, 1186, 
of May 27th, 1889. My arguments were, I may say, accepted as valid by Horst- 
mann (Leri. Her., 22, R. 85) and Ostwald (ibid,, 1021), although not by Loth a,r 
Meyer and Seubert (ibid., 22,872—879). The numbers used are 0 = 16, S «= 32*07 
On - 63*8, Br - 79*963, Ag « 107*938. 
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This circumstance caused Wills ( CJiem . Soc. Journ Trans., 1879, 
704—713) in 1879 to redetermine the atomic weight of tellurium. By 
the oxidation of tellurium with nitric acid (I), Wills obtained numbers 
varying between Te = 126'63 and 129*66. Oxidation with aqua 
regia (II), gave Te = 128*09 and 128*30. Lastly, analysis of 
potassium tellurium bromide gave Te = 126*39—127*93. Wills con¬ 
cludes from his experiments “ that the atomic weight of,tellurium 
does not lie between those of iodine and antimony, but is greater than 
the former element, which must, therefore, precede tellurium in 
Mendeleeffs classification,’ 5 

I may be allowed to remark that the differences between the maxima 
and minima of the numbers obtained by Wills as the atomic weight 
of tellurium differ in the Series I (see above) by 3*03 units, in Series II 
by 0*21, and in Series III by 1*57 units, those of the three series 
showing a distance of 3*27 nnits and, as 21*4 per cent, of Wills’ 
numbers are loiver than the atomic weight of iodine, it is certainly 
strange to see that from such discordant results a conclusion of such, 
great theoretical importance should be drawn. 

It has been shown lately by Basaroff (/. Russ. Ghem. Soc 1887, 
61—73), that in the same manner as the elements follow each other 
in the periodic system, their atomic weights are found to increase, so 
that the regular variation of quotients obtained by dividing the atomic 
weight of an element by that of the next low T er one may be repre¬ 
sented graphically in a satisfactory manner, and it was therefore still 
more probable that the said regularity should hold good also in the 
case of tellurium, and that a lower value would be obtained for its 
atomic weight than that of iodine, I = 126*86. 

The object of the following research was to undertake a thorough 
revision of the atomic weight of tellurium, and to that research I have 
devoted the greater part of my spare time during the past six years. 

It was to be expected that tellurium would not remain an exception 
to the periodic law, for although nearly one-third of the known 
elements would not have fitted into the periodic system with their 
originally accepted atomic weights, yet hitherto it has been found 
that these atomic weights are at fault, and not the system. These 
apparent exceptions are: Li, Be, Sc, Ti, V, Co, Ga, T, Hb, Mo, Hu, 
In, Sb, Cs, La, Ce, Ta, Os, Ir, Pt, Bi, An, Th, and II. 

Preparation of Material. 

Two kinds of material were used for the preparation of pure 
tellurium: Hungarian tellnrium ores, nagyagite, sylvanite, and 
petzite and Hungarian crude tellurium. After bringing the tellurium 
into solution in the form of chloride, It was precipitated in the usual 
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way with sulphur dioxide in the elementary state, and this precipitate, 
after drying, was fused with potassium cyanide in order to get rid of 
any selenium which might he present, although none could be 
detected in it,* and also of traces of the heavy metals which are 
carried down with the tellurium on precipitating it with sulphur 
dioxide. From the claret'coloured solution of potassium telluride, 
tellurium was precipitated by means of a current of air. Lastly, it 
was placed in little porcelain boats which were introduced into a wide 
Bohemian glass tube, surrounded by wire gauze, and theu distilled in 
a current of hydrogen. Minute traces of tellurides of the heavy 
metals "were left behind. 

The distilled tellurium forms a crystalline mass of silvery lustre 
which does not change its colour on exposure to the air. Luring 
distillation, part of the tellurium combines with hydrogen, forming 
tellurium hydride which, before escaping from the heated tube, is 
again decomposed with deposition of beautiful needle-shaped 
crystals of the element measuring 1 cm. or more in length; 
the hydrogen formed, however, always contains some gas of an 
extremely disagreeable odour which behaves like tellurium hydride, 
and has very poisonous properties. 

By this costly process, large quantities of tellurium were prepared, 
the properties of which are those required of pure tellurium, accord' 
ing to the present state of our knowledge; it may be redistilled in 
hydrogen without leaving any residue, and no impurities can be 
detected in it by qualitative analysis. 


Determination of the Atomic Weight. 

It was my intention to determine the atomic weight of tellurium by 
as many independent methods as possible, but in the course of this 
investigation it was found to be very difficult to devise methods 
which would* answer the purpose. In this, as in many other respects, 
tellurium approaches its next horizontal “ atoraanalogiie,” antimony, 
of which Berzelius said in 1812: “I have never worked with a 
material with which it was so extremely difficult to obtain constant 
results.” ( Solmeiger , 6, 149.) 

All the reagents used in the course of the present investigation, as 
hydrochloric, nitric, and sulphuric acids, were subjected to fractional 
distillation from platinum vessels, and the water employed was 
redistilled with alkaline permanganate, and the steam cooled in a 
platinum condenser; the set of weights used was corrected by the 
method of vibrations. 

* Having been probably volatilised by the repeated evaporations with strong 
hydrochloric acid employed to get rid of nitric acid. 
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A, Conversion of Tellurium into the Dioxide. 

Tellurium was oxidised (a) with nitric acid ; (b) with aqua regia. 

(a.) Oxidation with Nitric Acid .—The finely powdered tellurium 
was treated in Experiments 1 and 2 in a platinum crucible with dilute 
nitric acid., in which it readily dissolves. The crucible was covered 
with a watch-glass, in order to avoid loss by spirting. After the 
reaction was over, the contents of the crucible were evaporated to 
dryness on a water-bath, and then heated slowly up to 400°. It was 
observed, however, that the basic tellurium nitrate formed loses its 
last trace of nitric acid at a temperature at which part of the 
-tellurons anhydride contained in the crucible begins to volatilise, the 
watch-glass becoming covered with a white substance. 

Experiment Ido. 3 was carried on in a flask of hard Bohemian 
glass (previously boiled with aqua regia) so that the volatile portions 
were condensed in its colder neck. This method was abandoned, as it 
did not give constant results. 


Exp. Tellurium. Te dioxide. Atomic 

No. grams. grams. weight. 

1 . 1*9509 2*4437 126*7 

2 . 0-9212' 1-1523 127*6 

3 . 1*2947 1*6267 124*8 


(b.) Oxidation with Aqua Regia .—Weighed quantities of pure 
powdered tellurium were placed in a round-bottomed flask of hard 
Bohemian glass, Eig. 1 (previously boiled for many days with aqua 
regia), and, after introducing some hydrochloric acid, nitric acid was 


Eig. 1. 












886 


BRAUXER: EXPERIMENTAL RESEARCHES 


added gradually. As, However, large quantities of the finely divided 
spray of the solution are earned over with the escaping gases, the 
neck of the flask was closed with a glass tube, 5, containing bulbs in 
the middle, the wider end of which was tightly ground into the neck 
of the flask, the narrow end dipping into a small beaker containing 
nitric acid. The escaping gases are thus forced to pass through the 
nitric acid contained in the small balbs and in the beaker, and in this 
way the escaping spray of tellurium solution is completely con¬ 
densed. 

The arrangement of this simple apparatus is seen from Fig. 1, and 
it was used several times during the course of the present investiga¬ 
tion when weighed quantities of substance had to he dissolved 
without any of the latter being' carried off with the escaping gases. 

On evaporating the solution of tellurium in aqua regia, some of the 
tellurium tetrachloride formed is volatilised—a circumstance which, 
was overlooked by Wills—and, further, during the evaporation, organic 
substances contained in the air may be condensed in it, causing a 
subsequent reduction at a higher temperature. In order to avoid 
these sources of error, the solution of tellurium was evaporated in a 
current of pure, dry air in an apparatus the arrangement of which is 
seen from Mg. 2. Air from the open was aspirated through potash 
solution, e, a long layer of cotton-wool,/, over pumice-stone soaked 


Eig. 2. 



with sulphuric acid, g, and then passed through a tube, h 7 containing 
red hot platinum sponge. This tube ended in d, which is ground into 
the flask a containing the tellurium solution, and heated in an air- 
bath, &, the bottom of which was protected from the direct action of 
the radiant heat by a screen, c, made of asbestos cardboard. The glass 
bulbs i and flask h serve for the condensation of the acids escaping 
from the flask a. The various single pieces of which this apparatus 
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is composed are connected either by air-tight ground glass joints or 
by fusing them together, without the use of cork or rubber any¬ 
where. 

The distilled mixture of hydrochloric and nitric acids, on evapora¬ 
tion with sulphuric acid, gives several milligrams of basic tellurium 
sulphate (see below, B), but it is a question whether the whole of the 
escaping tellurium can be collected in this way. However, on 
neglecting even this small quantity of tellurium, the atomic weight 
will be found to be higher by 1*2 units. After evaporation to dryness, 
the residue in the flask was repeatedly evaporated down with nitric 
acid in a current of air at 110°, and finally heated to 440°. It was 
found, however, that at the point at which tellurium trioxide decom¬ 
poses into the dioxide and oxygen the dioxide begins to volatilise; 
moreover, when the “ tellurium dioxide ” after weighing was treated 
with hydrochloric acid, a white residue was always left, and this 
would not dissolve in the acid even on continued boiling! 


Exp. Te. Te0 2 . Atomic 

No. grams. grams. weight. 

4. 2*3092 2*9001 125*0 

5. .. 2*8153 3*5332 125*5 

6. 4*0176 5*0347 126*4 

7. .. 3*1613 3*9685 125*3 

8. 0*8399 1*0526 126*4 


B. Conversion of Tellurium Dioxide into the Basic Sulphate, 

As Marignac (Archives Sc. Phys. Nat. [3], 10, 17, separate copy) 
had succeeded in determining the atomic weight of bismuth by the 
conversion of the oxide into the sulphate, a similar method was tried 
with tellurium dioxide. For this purpose, tellurium dioxide was 
dissolved in hydrochloric acid, and the solution (containing always 
some undissolved white substance) was evaporated to dryness with a 
slight excess of sulphuric acid. As soon as the hydrochloric acid had 
been driven off, beautiful, glistening crystals-—rhombic scales—of 
basic tellurium sulphate, TesAiSCb, were left. Sometimes beautiful, 
regular crystals—combinations of the cube with octohedron—-were 
observed, but these seem to be another salt. It was remarkable that 
when this operation was carried on in platinum crucibles lower results 
were obtained (Experiments 9, 10, 11), whereas in glass or porcelain 
vessels (Experiments 12 and 13) the excess of sulphuric acid could 
not be driven off without the sulphate undergoing partial decom¬ 
position, so that the results obtained were very high. 
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Exp. 

TeOo. 

Te 2 SOy. 

Atomic 

No. 

grams. 

grams. 

weight. 

9. .. 

. 2-4437 

3-0570 

127-5 

10. .. 

. 1*0526 

1-3202 

125-5 

11. .. 

...... 1*1523 

1-4461 

125*0 

12. .. 

. 5*0239 

6-2182 

136*4 

13. .. 

...... 2*9818 

3-7197 

129-4 

C. Conversion of Tellurium 

. into the Basic Sulphate. 

Tellurium was first converted into the dioxide, and the latter into 

the sulphate. 

Experiments 14—19 

were made in platinum crucibles, 

and they give 

again lower results 

than Experiment 20 which was 

made in a glass flask. 



Exp, 

Te. 

TfoSO;. 

Atomic 

No. 

grams. 

grams. 

weight. 

14, .. 

...... 1*9509 

3-0570 

127-1 

15. .. 

. 0-9212 

1-4461 

126*4 

16. .. 

. 0-8399 

1-3202 

125*9 

17. .. 

. 0*5836 

0-9166 

126*2 

18. .. 

. 0*5243 

0*8261 

125-1 

19. .. 

. 1*5464 

2*4405 

124*6 

20. .. 

. 5-1674 

8-0271 

130-0 


Tlie method was given up as, in spite of the greatest care, it was 
found to "be impossible to obtain constant results. 


D. Synthesis of Silver Tellurlde . 

Chemically pure silver (preparation see below) was weighed in a 
porcelain boat, and tellurium vapour passed over it while it was 
heated in a porcelain tube in a current of carbon dioxide. The latter 
was purified by passing it over hot sodium carbonate, and then over 
red hot silver and copper wire. On allowing it to cool in a current of 
the same gas, silver telluride having approximately the composition 
Ag 2 Te remained in the boat as a fused, crystalline mass of metallic 
lustre. 

Experiment 21.—1*1434 grams of silver gave 1*8019 grams of silver 
telluride (containing 0*6585 Te). From this the atomic weight To = 
124*3 is calculated. It may be that the interior of the mass contains 
uncombined metallic silver which escaped the action of the tellurium 
vapour, and therefore a fresh portion of finely divided silver was 
mixed with an excess of powdered tellurium, and this mixture was 
first fused in a current of carbon dioxide, and then strongly heated. 

It was found that the silver telluride obtained was more brittle and 
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more easily fusible than that just described, and that it contained 
an excess of tellurium over that required by the formula Ag a Te; 
whereas, when its composition approaches that formula, it does not 
melt even at a strong red heat, and is far less brittle. 

Experiment 22.—From 0*5382 gram of silver, the following 
quantities of telluride were obtained :— 

Time of heating Telluride. Atomic 


in hours. grams. weight. 

O) . 4 0*8607 129*5 

(5.) . 7 0*8589 128*6 

(c.) . 15 0*8560 127*5 


In order to drive oil any excess of tellurium which might have 
remained in the interior of the fused mass, the telluride was powdered 
and heated again for five hours. It did not fuse again, and its weight 
was finally 0*8513 gram. This corresponds with Te = 125*6. 

Experiment 23.—1*0796 grams of silver was mixed with an excess 
of tellurium and heated in the way described. After three hours, 
1*8906 grams of silver telluride was formed ; after 11 hours, 
1*7194 grams. Hydrogen does not reduce this compound to pure 
silver, on the contrary, silver seems to combine more readily in its 
presence with an excess of tellurium, and the latter is given off with 
greater difficulty. The result was 1*7187 grams, calculation from 
which gives Te = 127*8. 

Experiment 24.—In order to obtain a very high temperature, a 
Fletcher tube-furnace, acting with or without blast, was used. The 
boat containing the tellurium and silver was heated for half an hour 
to redness, and then, for 10 minutes only, to a yellow heat, as other¬ 
wise the boat fuses to the inside of the porcelain tube. 0*4917 gram 
of silver yielded 0*7835 gram of telluride, from which Te = I28T. 

It is seen from these experiments that at a point at which the 
silver telluride contains for 2 atoms of silver 127*5 to 128*1 parts of 
tellurium, the excess of the latter is driven off with the greatest 
difficulty. If, however, the surface of the telluride is artificially 
increased, dissociation of the silver tellurkle begins to take place. 

The partial synthesis of silver telluride does not give results 
sufficiently exact for the determination of the atomic weight of 
tellurium. 

B. • Synthesis of Copper Telluride, 

Copper combines with tellurium with far greater energy than silver 
does, so that a telluride of the composition Ou 2 Te absorbs further 
quantities of tellurium if heated in its vapour, this absorption again 
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going 1 on better in an atmosphere of hydrogen than in one of carbon 
dioxide. 

The copper employed in these experiments was prepared by 
Hampe’s method (Zeit. anal . Ghern 1874, 352), that is, electrolysis 
of a copper solution from which the imparities had been removed by 
partially precipitating with potassium hydroxide. Before experi¬ 
ment, the pure copper was heated in a current of hydrogen and 
allowed to cool in an atmosphere of carbon dioxide. 

As the polytellurides of copper formed at first (they are interesting 
compounds and alloys) give oh the excess of tellurium above that 
required by the formula Cn 2 Te with far greater difficulty than the 
silver polytellurides, the full heat of the Fletcher blast tube-furnace 
had to be employed. The mixture of copper and tellurium was con- 
tained in a small porcelain boat, the outer glaze of which had been 
removed by etching with hydrofluoric acid. This boat was placed in 
a larger one, filled up to the edge with Calais sand, and this second 
boat was placed on a layer of sand in the porcelain tube in order to 
avoid the chance of the different porcelain vessels fusing together. 
The synthesis of the copper telluride was effected in the same manner 
as that of the silver telluride, the temperature being of course con¬ 
siderably higher. 

Of the numerous experiments made, only a typical one need be 
mentioned here. 

JEJiperlment 25.—The copper telluride was weighed after being 
heated for a definite length of time to a yellow heat, and then heated 
again. It will be seen that the quantity of tellurium given off is 
smaller the more nearly we approach a telluride of the composition. 
Cn a Te. 

From 0*5033 gram of copper, the quantities of telluride given in the 
second column were obtained:— 

Time of Copper Loss of Te Atomic 

heating. telluride. per minute, weight. 


(a.). 5 min. 1T3I0 — —■ 

(5.) ........ 15 „ 1*0533 0*0078 — 

(c.) . 25 „ 1*0207 0*0033 130*2 

(d.) . 30 „ 1*0108 0*0020 127*7 

(<?.). 35 „ 1*0044 0*0013 126*1 


The copper telluride, prepared by fusion in a current of carbon 
dioxide, is a steel-blue, crystalline mass, the surface of which was 
in Experiment 25(e) covered with small blisters, which seems to 
prove that the compound Cu 2 Te contains a small quantity of free 
copper. 

On continued heating of the copper polytellurides to redness in a 
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current o£ hydrogen, beautiful rhombohedra of a telluride possessing 
a steel colour and great lustre -were obtained. 

F. Synthesis of Gold Telluride. 

Poly tell urides of gold (alloys of gold and tellurium) are crystalline 
compounds of a silvery lustre. Heated to redness in a current of 
carbon dioxide, they easily dissociate, leaving finally a mixture of 
white gold telluride, Au 2 Te, -with yellow gold. I shall not give here 
any account of the Individual experiments, as they cannot be used for 
the determination of the atomic weight of tellurium. 

All these briefly mentioned metallic tellurides obtained by synthesis 
are interesting instances partly of definite compounds, partly of alloys. 
They confirm the law enounced by Beketoff [“ Researches on the 
Phenomena of Displacement,” Charkoff, 1865 (in Russian)] in 1859 
and 1865, that the affinity of two heterogeneous bodies to each other 
is the greatest when the weights of the masses taking part in the 
reaction are equal. This is seen from the following group:— 

Cu 2 : Te = 126 : 126 
Ag s : Te = 216 : 126 
Au 2 : Te = 394 : 126 

and at the same time it may be remarked that the stability at a high 
temperature considerably decreases from the highest member (Cn 2 Te) 
to the lowest (Au s Te). 

G. Analysis of Tellurium Dioxide . 

Pettersson and Ekman have determined the atomic weight of 
selenium by the reduction of selenium dioxide with sulphurous acid 
and weighing the selenium pi^ccipitated. The same method was used 
by me for the determination of the atomic weight of tellurium. 

Pure tellurium dioxide was prepared by dissolving distilled tellurium 
in aqua regia, evaporating the solution several times with distilled 
nitric acid, and fusing the residue in small portions in a platinum 
crucible. After a short fusion, the tellurium dioxide is obtained in 
the form of a brittle, crystalline mass of a milk-white or cream 
colour, which becomes yellow or brownish-yellow as soon as the 
fusion is continued more than is absolutely necessary. 

Weighed quantities of the powdered dioxide were dissolved in hydro¬ 
chloric acid in the glass apparatus, Mg. 1 (p. 385), in order to avoid loss 
by the volatilisation of the tetrachloride formed. The yellow solution 
obtained was mixed in the same flask with concentrated sulphurous 
acid, and it was remarked that the tellurium precipitated is some- 
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times so finely divided that it forms a transparent solution of a dark 
greenish'blue, blue, or violet colour.* The solution was heated to 
60—70° and completely saturated with sulphur dioxide ; this caused 
a separation of tellurium in a flocculent state. After heating the 
solution for some time in order to produce complete reduction and 
separation, the precipitate was washed first with dilute sulphurous 
acid and then with water, but the finely separated tellurium is so- 
easily oxidised that a small portion always goes into solution, so that 
the filtrate, after concentration and treatment with sulphurous acid, 
always gives small quantities of tellurium. This tendency of finely 
divided tellurium to oxidation is so great, that after standing for 
some time with cold hydrochloric acid in contact with air, consider¬ 
able quantities pass into solution as tellurium tetrachloride, whereas 
tellurium alone is insoluble in cold hydrochloric acid. 

The oxidation of tellurium is more apparent when it is dried at 
100°, as is seen from the following :— 

Experiment 26.—8*8745 grams of tellurium dioxide were reduced 
in the manner described, and dried on a weighed filter at 110°. 
Theory (see H) requires 79*93 per cent. Te. The quantity of 
tellurium obtained' weighed— 

(a.) After 2 hours. 3*1249 grams = 80*63 p. c. 

(6.) After further 6 hours 3*1279 „ =80*71 „ 

(c.) „ „ 8*1396 „ = 81*01 „ 

This large increase in weight is partly due to the cause mentioned 
below. , 

The results obtained on drying the precipitated tellurium in a 
vacuum or in a current of carbon dioxide are not much better, as 
after fusion of such, tellurium in a current of pure hydrogen, drops of 
water are obtained, proving that the tellurium lias been partly oxidised 
during washing. 

"Finely divided tellurium passes through glass-wool, asbestos, or 
even artificial pumice-sfone, so that, in order to avoid the use of: 
weighed paper filters, the method of reversed filtration was used for 
its collection with a slight modification, which will be understood 
from the accompanying drawings, Figs. 3 and 4. The upper part of 
the standf carrying the crucible can be taken off, and is so arranged 
that the crucible carrying the liquid to bo filtered cannot be easily 
upset, a circumstance of great importance when, for example, the 

* Selenium gives, under similar circumstances, solutions of a beautiful intense 
blue colour. 

f This stand was made of excellent workmanship by Messrs. Jos. and Jan Eric, 
mechanicians, Prague. 
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filtration of silver bromide is effected in a nearly dark room. Tlie 
tellurium was washed finally with, alcohol and dried at 110° in an 
atmosphere of hydrogen. 




Unfortunately it was found here that considerable quantities of sul¬ 
phuric and hydrochloric acid are carried down with the tellurium from 
the solution in which it is precipitated, but these could be removed 
to a very great extent by heating it, after taking out the filter, in a 
current of hydrogen to about 300°. The results are then pretty 
nearly accurate, as seen from— 

Experiment 27.—2*5489 grams of tellurium dioxide, after reduction 
with sulphurous acid and drying at 130° in a current of hydrogen 
in the same flask which served for its precipitation, gave (a) 2*0389 
grams of tellurium. From the filtrate (5), 0*0047 gram was obtained. 

VOL. lv. *' , 2 F 
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The portion («) was heated in a current of hydrogen at 300° in a flask 
similar to that represented by a, d in Fig. 2 (p. 386), and it was found 
that the escaping vapours gave with silver nitrate solution a white, 
and not a black, precipitate, a proof that only hydrochloric acid and 
no tellurium hydride was formed. The loss of weight was equal to 
0-0062 gram, so that the real weight of the tellurium was 2'0374 
grams* 

From tliis, the atomic weight of tellurium is calculated as Te = 127*5, 
and the percentage composition of the dioxide as 

Tellurium .... 79*93 

Oxygen. 20*07 

100*00 

TL Analysis of Tellurium Tetrabromide . 

The methods described under Act, Ah, 0, D, E, and F, gave for the 
atomic weight of tellurium numbers varying but little from the 
theoretically expected number, Te = 125, and from these results it 
would have been correct to assume that number as the true atomic 
weight of tellurium—as the author actually did for some time— 
especially had there been a better agreement between these numbers, 
a circumstance which, as shown above, was unfortunately never met 
with in the case of tellurium. 

Of all the methods hitherto mentioned in this paper, that described 
under F alone seems to yield favourable results, although with some 
difficulty; here, however, we have the most unfavourable case of an 
atomic weight determination, viz., weighing the tellurium, resulting 
from an analysis, in the elemental state. 

I expected to obtain good results from the analysis of tellurium 
tetrahroioide, as the gravimetric, and especially the volumetric estima¬ 
tion of combined bromine are, according to Stas-(see especially bis 
latest classical research, Memoires de VAcademie Boy ale de Belgique , 
43 [2], 1—105), the most exact of all quantitative determinations. 
This method has been applied lately with great success to the deter¬ 
mination of the atomic weight of antimony by J. P. Cooke (Proe, 
Amer. Acad,, 13, 1—71; 15, 251—255; and 17, 13—22), in the case 
of aluminium by Mallet (Phil. Trans,, 1880; Ohem. News, 45 and 46),. 
for titanium by Thorpe (this Journal, Trans., 1885, 108), and in the 
case of gold by Thorpe and Laurie (Trans., 1887, 565). 

Neither the gravimetric nor the volumetric determination of 
chlorine in chlorides answers the same purpose on account of the 
comparatively' great solubility of silver chloride in ‘w&pr,. 'and in the 
solutions employed, as k shown in a most remarkable research pub- 
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lislied by Stas (“ Recberches cle Statique Chimique,’ 5 Ann. Chim . Phys. 
[4], 25, 22—94; [5], 3, 145—188 and 289—327). 


Preparation of Pure Bromine. 

The pure bromine employed was prepared by two methods, the 
first being that recommended by Stas. For this purpose commercial 
bromine was first repeatedly shaken with water, dissolved in a con¬ 
centrated solution of calcium bromide (prepared from the same 
bromine, calcium hydroxide, and ammonia), precipitated with -water, 
and dried over calcium bromide and oxide. The last trace of water 
was removed with phosphorus pentoxide, which had been resublimed 
in a current of dry air. 

The second method consisted in distilling potassium bromide 
(350 grams) dissolved in water (500 grams) with a quantity of 
chromic mixture (150 grams of potassium dichromate dissolved in 
600 grams of pure sulphuric acid and mixed with 500 grams water) 
insufficient for its complete decomposition. In order to avoid 
dangerous explosions resulting from the heat developed by the reac¬ 
tion, the large retort containing the mixture w T as immersed in a large 
vessel of water at about 65°. The quantity of crude bromine obtained 
in this way from the above mixture weighed 210 grams instead of the 
theoretical amount of 235*1 grams. 

In order to purify this bromine from the last traces of iodine and 
chlorine, a process recommended by Stas (Mem. Ac. Beige ,, 43, 
90—93), but not sufficiently known to chemists, was used. This 
consists in distilling 400 grams of bromine from a mixture of 
300 grams of water, 250 grams of potassium bromide and 25 grams 
of granulated zinc oxide (prepared by heating pure basic zinc nitrate 
to a white heat). The same mixture may be used for the rectification 
of two successive portions of bromine of 400 grams each. The 
bromine obtained was dried over anhydrous calcium bromide and 
oxide, and the last trace of water was removed by means of anhydrous 
barium oxide. 

The bromine prepared by either of these methods was distilled in 
an apparatus consisting entirely of glass. It was found to boil at 
68°, but on treating a portion of it with potassium hydroxide the 
smell of an organic bromine compound could be perceived, probably 
bromoform or carbon tetrabromide, due to the action of bromine on 
particles of dust and filter-paper, unavoidably present in the 
reagents used (cf. Hamilton, Trans., 1881, 48). We must regard 
with admiration the great care taken by Stas, when he prepared 
bromine which was quite free from any carbon compound containing 
bromine. 

' . ’ ' ■ ' ' ' 2 f 2 
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Preparation of Tellurium Tetrabromide. 

In order to prepare the tetrabromide, a combust ion-tube of the 
best Bohemian glass was used, which, was sealed and rounded at one 
end and was widened conically at the open end; into the latter were 
carefully ground (a) the tube of a Drechsel gas wash-bottle, and (L) 
a glass tube of a similar diameter, drawn oat a little at the other end 
and sealed to a \J -tube. 

The sublimation-tube was placed vertically in cold water, several 
grains of pure bromine poured into it, and then very finely powdered 
tellurium was gradually added in small portions, shaking the liquid 
contents from time to time. In order to remove the excess of 
bromine, the Drechsel 44 Aufsatz ” was inserted into the open end and 
the tube was heated in warm water while a current of dry carbon 
dioxide was passed through; the tellurium tetrabromide was then left 
in the tube as a beautifully yellow, loose mass. The product, however, 
is not pure, as it contains in its interior some free tellurium which 
has escaped the action of the bromine. On heating this mixture to a 
higher temperature, tellurium dibromide is formed thus : TeBr 4 + Te 
= 2TeBr 2 . The tetrabromide cannot be fused or boiled at the 
ordinary pressure without undergoing partial decomposition into free 
bromine and the greenish-black dibromide, TeBr 4 = TeBr 2 + Br». 
The lower compound gives a deep-violet vapour. 

After numerous experiments, the following method was used for 
the preparation of pure tellurium tetrabromide for analysis. The 
glass tube a, Fig. 5, containing the yellow tetrabromide, v T as connected 


Etc. 5. 
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with the tightly ground tube, b : which, by means of a drying tube, e, 
tilled with pumice moisted with sulphuric acid, was connected with a 
pump. The greater portion of the lower part of the sublimation-tube 
a was heated in an air-bath, ee, made of pieces of asbestos cardboard 
joined by means of platinum wdre. The bath could be covered with 
a mica plate, dd, in order to watch the behaviour of the bromide with 
rise of temperature, and in the same level as the sublimation-tube a 
thermometer, /, was placed horizontally. A vacuum was then made in 
the tube, and its temperature raised to 200°. At this temperature, the 
more volatile dibromide could be separated by fractional sublimation 
from the less volatile tetrabromide, which remained behind in the 
lower part of the tube, and it was found possible to drive the sublim¬ 
ing dibromide quite out of the tube a into the tube h. On now 
raising the temperature of the air-bath to about 300°, the tetra¬ 
bromide is found to sublime without leaving any residue, and to 
condense on the colder walls of the tube in the form of beautiful, 
fiery-red, crystalline crusts which become orange-coloured on cooling. 
If there had been any oxybromide present, it would have decomposed, 
leaving a residue of tellurium dioxide, thus: 2TeOBr 2 = TeBr* + 
TeOo, as shown by special experiments with a bromide prepared from* 
superficially oxidised tellurium. 

The crusts of pure tetrabromide are very brittle, easily detached 
from the walls of the tube, and not hygroscopic when weighed in a 
small weighing bottle made of thin glass, closed with a well-ground 
stopper; an empty bottle of equal size was always placed on the other 
pan of the balance. By the method of vibrations, the w r eight of the 
substance could be determined within a few hundredths of a milligram. 

The bromide dissolves easily in a solution of tartaric acid (2 parts) 
in water (2 parts) without leaving any appreciable residue, but on 
using a more dilute solution, decomposition takes place accompanied 
by the separation of sparingly soluble telluric acid. The orange- 
coloured solution contains tellurium tetrabromide, but on addition of 
water its colour disappears and it then contains a hydrobromic acid 
solution of tellurium tartrate. Had the bromide contyhicd any trace 
of oxybromide, telluric acid would have been left undissolved. 

In a preliminary experiment, a tartaric acid solution of tellurium 
tetrabromide was precipitated by silver nitrate in the ordinary way 
and the silver bromide weighed. 

Experiment 28.—3T591 grams of tellurium tetrabromide yielded 
5*3612 grams of silver bromide. Prom this Br == 72*22 per cent. 
This would correspond to an atomic weight of Te = 123*0. Subse¬ 
quent exact experiments, however, have shown that the percentage of 
bromine is in reality only = 71*48, so that the silver bromide must 
have been too heavy by 0*0552 gram. 
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A detailed examination into this source of error has shown that it 
is clue to two circumstances. 

Firstly, it was found that in concentrated solutions containing 1 
tellurium, tartaric acid, and bromine, silver nitrate gives a precipitate 
consisting of silver bromide, which settles rapidly, and also of glisten¬ 
ing, crystalline scales, which separate slowly from the liquid and are 
deposited on the surface of the first precipitate. They consist of 
tellurium silver tartar emetic, and have probably the composition 
(C4H 4 0 fi )oAg 2 (Te0),2n 3 0, as shown by the following analysis 
Experiment 29.—0*4660 gram gave 0*1913 gram silver chloride. 

Calculated. Found. 

31*2 30*9 

The analogous citrate seems to have a more complicated formula, 
(C 8 H 5 0 7 ) 3 Ag 3 H(Te0),2H 3 0. 

Experiment 30.—0*6491 gram gave 0*3205 gram silver chloride. 

Calculated. Found. 

36*7 37*1 

The tartrate exhibits the most complete analogy to antimony, for 
Cooke has observed that in a tartaric solution of antimony bribromicle, 
silver nitrate causes the formation of (C4HaG 6 )Ag(Sb0),H 2 0. 

In order to avoid the formation of silver tellurium tartar emetic 
imd its precipitation along with the silver bromide, the precipitation 
of silver bromide was effected in the presence of a sufficient 
quantity of water and of nitric acid, in which this substance is easily 
soluble; and all excess of silver nitrate was avoided, as the substance 
is formed only when an excess of silver nitrate over that required to 
form silver bromide is present., 

The second cause of the higher weight of the silver bromide pre¬ 
cipitated in Experiment 32 is the circumstance that silver bromide 
readily carries down with it foreign substances contained in the 
solutions from which it is precipitated; it acts in this way with 
tellurium tartrate, as is seen from its becoming black in contact with 
zinc and water. This can be avoided only when, following Stas’ 
directions, the silver bromide is vigorously shaken with the solution 
from which it has been precipitated, and with the water containing 
a little nitric acid used for washing it—of course in perfect darkness. 
Indeed, it is found that in this way a pure silver bromide, containing 
no tellurium, is obtained. 

Several preliminary experiments carried out in this way, gave 
results approaching the truth, but they are omitted in order to avoid 
everything superfluous, although the first experiments seemed to 
point to insurmountable difficulties. 
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Experiment 31.—3*82048 grams of tellurium tetrabromide, after 
being dissolved in tartaric acid, were precipitated witli the requisite 
amount of silver nitrate, washed by repeatedly shaking, and the silver 
bromide was collected by the method of reversed filtration. Its 
weight was 6*41734 grams = 71*482 per cent, of bromine. From 
this, the atomic weight of tellurium is calculated as Te = 127*61. 

After this, the combined gravimetric and volumetric method was 
used for the analysis of tellurium tetrabromide. 

On Pure Silver and its Properties . 

Pure silver was prepared by two methods given by Stas. 

A. Purest silver from the Mint was dissolved in distilled nitric acid, 
and the solution of the fused nitrate precipitated with distilled hydro¬ 
chloric acid. After washing the chloride by prolonged agitation, it 
was boiled with aqua regia, and reduced with pure milk-sugar and 
sodium hydrate. The metal was boiled out with dilute sulphuric 
acid, digested with ammonia, and fused under borax and nitre in a 
Paris crucible. After pouring it into moulds of kaolin, the bars were 
rolled out into thin ribbons, between hard steel rollers well oiled, and 
the thin plates cleaned with sea-sand, ammonia, and alcohol. After 
cutting into pieces of about a gram and its subdivisions, they were 
treated with hydrochloric acid and ammonia, and finally heated in a 
porcelain crucible nearly to the melting point of silver. 

B. Ordinary alloy of silver and copper from the Mint containing 
0*900 of the former metal, was dissolved in nitric acid, and the mixed 
nitrates of silver and copper fused for some time. The fused mass was 
treated with dilute ammonia, and the solution filtered after standing 
for several days. 

After adding double the amount of ammonium sulphite necessary 
to precipitate the solution of silver (which contained less than 
2 per cent, of the metal), and allowing it to remain in closed vessels 
filled up to the neck, very nearly the whole of the silver was pre¬ 
cipitated in beautiful crystals, having apparently the form of hexa¬ 
gonal pyramids (in reality tesseral). The remainder of the silver 
was thrown down on heating the solution. The precipitation is 
complete, the total loss amounting to about 0*5 per cent. After 
washing, the silver was placed in contact with strong ammonia, and 
digested in a closed flask for many weeks. On evaporating the 
solution, a non-explosive black substance was obtained, which on 
treatment with hydrochloric acid gave silver chloride. The filtrate 
from the latter contained a small quantity of copper, amounting, as 
found by colorimetric estimation, to about 0*0002 per cent, of the 
silver employed. 
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The silver was then fused in the usual way with borax and nitre, 
poured into a mould made of kaolin, the bars treated with fusing 
potassium sodium carbonate, and washed successively with boiling’ 
hydrochloric acid and ammonia. One portion was distilled in a 
furnace made entirely of lime, but only a small quantity was thus 
obtained from want of a platinum blowpipe, one made of hard glass 
having been used. Another portion which served for the atomic 
weight determination, was fused in a furnace made of lime, and 
granulated by pouring from a considerable height into distilled water. 

The colour of this silver was beautifully white, and its standard 
fineness is, according to Stas = 99*997, the distilled silver being : 
= 100 * 000 . 

On the Occlusion of Oxygen in Silver of If. Stas. 

Dumas (Ann, Chim . Phys. [5], 15, 289—304), as is generally 
known, found that silver—which had been hitherto regarded as 
pure—when heated in a Sprengel vacuum gave up considerable 
quantities of oxygen, so that the standard fineness becomes 99’992 
to 99*975 instead of 100, according as to whether 57 up to 174 c.c. 
of occluded oxygen = 0*008 to 0*025 per cent, by weight are given 
up by 1 kilo, of the metal. 

This circumstance is theoretically of the highest importance, silver 
being in reality the standard of the atomic weight determinations of 
Stas, and consequently of many others depending upon these. But 
if the silver used by Stas had not been pure, the atomic weight of 
silver would be only Ag = 107*929 instead of 107*938 (Ostwaid’s 
number) or even only Ag = 107*911, according to the amount of 
oxygen, the maximum difference amounting to 0*027. In the same 
way the whole of Stas’s numbers will be affected, and, indeed, 
Mallet (Phil. Trans 1880, 1003; Chem. News , 45 and 46) and 
Clarke (“ Recalculation of the Atomic Weights,” 262) applied this S 
“Dumas Correction ” to the numbers obtained by Stas, But certainly 
Sebeli^n (“ Beitrage zur Geschichte der Atomgewichte,” 90) is rxghft 
in remarking: C£ Bine Correction der Stas’schen Zahlen einfuhrefL 
m. wollen hiesse nur dessen classisches Werk verde rben, ohnjl 
Garantie daf r erhalten zu haben, der Wahrheit naher gekommen zu|| 
sein.” ' ' 

Mallet (loc. cit) prepared his pure silver by a method slightly II 
different from that of Stas, and on heating it in a Sprengel vacuum 
he obtained for 1000 grams of silver 34*63 to 30*12 c.c. of a gas, The 1 
silver was placed on a layer of lime, and the gas does not seem to 'll 
have been analysed, being taken by Mallet for oxygen without any 
remark. The only chemist who has in this respect investigated 
silver prepared by Stas’s method was J. D, van der Plaats (“ Hand- 
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hlad voor Natuurwetenschappen,” 1886, No. 2, biz. 25—32). He 
gives tlie full history and literature of this subject, and finds that 
pure silver does not change its -weight when heated in a current of 
air, hydrogen, or carbon monoxide. On heating in a Sprengel 
vacuum, no loss of weight took place, but from 10 grams of the metal 
as much as 2 c.c, of a gas were obtained, this being regarded by the 
author as air, for 0*5 c.c. were absorbed by phosphorus. It is to be 
regretted that only 10 grams of silver were employed in this beautiful 
research, for, calculated for 1000 grams of silver, the above quantity 
becomes 200 c.c. of gas, and is therefore larger than the maximum 
obtained by Dumas. Yan der Plaats concludes with the following 
interesting passage : “ Enkele weken geleden remain ik echter, hoe 
Dumas voor zijn dood de overtuiging heeft verkregen, dat door zijne 
proeven de aanwezigheid van zuurstof in zilver niet bewezen is.” 

In order to settle that interesting question, I have investigated 
the bars of silver prepared by Stas’s second method. I constructed 
a Sprengel air-pump, provided with a system of air-traps, in order 
to avoid the mercury carrying air with it; the single parts of 
the apparatus were, of course, fused together, or, when Bohemian 
glass had to be connected with soft Thuringian glass, mercury joints 
were used. (See S. P. Thompson, # “ The Development of the Mercury 
Air-Pump,” London, 1887 and 1888.) 

In the preliminary experiments, about 3 c.c. of a gas—air—were 
obtained for every 100 grams of silver, but it was found later on that 
this was due to surface condensations and to moisture. It was there¬ 
fore necessary to insert between the pump and the tube containing the 
silver a U-tube filled with pumice stone containing sulphuric acid. 
(Phosphorus pentoxide was not used, as it was found to contain some 
trioxide, the vapour of which might contaminate the silver.) 

Experiment 32 was carried on with all possible care. For this 
purpose, 153*2133 grams of pure silver in bars was heated nearly to 
its melting point, and, after cooling, placed in a combustion tube of 
the hardest Bohemian glass, made for this purpose at the celebrated 
works of J. Kavalier (Sazava). The inner diameter of the tube was 
19 mm., the walls were of 2*2 mm. thickness, and the end, which 
was not connected with the air-pump, was drawn out conically. In 
the first place the silver contained in the tube was heated at 150°, 
while a current of carefully dried and purified air was drawn over it, 
and as soon as it was cold the tube was sealed up at the conical end. 
A vacuum was then made in the tube, and the next day it was again 
pumped out. 

When a vacuum as perfect as possible was established, the tube 
* I am indebted to the author for the copy of this most interesting paper. 
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containing the silver was lieated to 450°, the pump acting all the 
time, and the gas given off was collected in a carefully graduated 
micro eudiometer, 1 mm. of the scale of which corresponded to 
0*076 c.c., so that, by means of a telescope, the volume of the gas 
could be read to within about +0*004 c.c. The volume of the gas 
collected was 0*219 c.c. at 0° and 760 m* The microeudiometer 
was now replaced by a fresh one, and the temperature raised to the 
strongest red heat which could be applied to the tube without its 
form changing, and the tube was pumped out at this temperature 
during six hours. (This is the duration of Dumas’ experiment, but 
it was far longer than was necessary for my purpose.) The volume 
of gas given off between 450° and a red heat was found to be 
= 0*844 c.c. 

It was possible to analyse this small quantity of gas very accu¬ 
rately by Bunsen’s method, using the microeudiometers mentioned 
above, and in this way it was found to consist of 0*586 c.c. of oxygen 
and 0*298 c.c. of nitrogen, the latter value corresponding to 0*312 c.c. 
of air, so that the quantity of oxygen given up by the silver at a red 
heat amounts to 0*532 c.c. 

Experiment 33.—In order to apply a correction to the very small 
volumes of gas in question, it was necessary to study the way in 
which my u Sprengel vacuum ” behaves on heating. An experiment 
identical with the foregoing was therefore made, using an empty 
glass tube, under perfectly similar conditions. The volume of the 
gas collected was = 0*249 c.c. 

Experiment 34 was made with the silver which had been heated at 
150° as above in Experiment 32, and then to a red heat. The volume 
of the gas was = 0*215 c.c. (air). Experiment 34 gave 0*215, 
Experiment 33 gave 0*249, Experiment 32 gave 0*219 up to 450°. 
These three quantities are identical, so that the last one is not to be 
accounted for in Experiment 32. 

The net result is that 153*2133 grams of silver when heated to 
redness in a Sprengel vacuum give off 0*312 c.c. of air, probably con¬ 
densed, and 0*524 c.c. of oxygen. Its weight is 0*0007609 gram 
= 0*0004996 per cent., so that the composition of the silver in 
question is— 

Silver ...... 99*9995 

Oxygen .... 0*0005 

100*0000 

The same silver, according to Stas, has a standard fineness of 
99*997, that of distilled silver being 100*000; and that of the least 

* All volumes given below are reduced to normal temperature and pressure. 
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pure silver of Stas being 99*994. In these two cases, the differences 
between the samples of purest silver are, therefore, 6 to 12 times 
larger than that due to the “ occlusion” of oxygen. The last-named 
impurity cannot be determined either by titration or by the change 
of weight before and after heating, since small traces of silver are vola¬ 
tilised and condensed in the colder part of the tube. Moreover, some 
mercury vapour may become condensed in the hot silver on cooling, 
so that, before using it for the atomic weight determinations, it must 
be remelted in a lime crucible and poured into water. 

But, as the very slight impurities of the undistilled silver of Stas, 
amounting to 0*003—0*006 per cent., were not regarded in his funda¬ 
mental researches, the silver prepared by his methods having been 
declared by Stas as “ absolutely pure,” it is seen that the classical 
researches of Stas, which will for ever remain a model of exact inves¬ 
tigation, do not require the correction -proposed by Dumas, due to an 
occlusion of oxygen -in silver , its quantity being practically nought . 

X feel convinced that the distilled silver gives absolutely no oxygen 
when heated in a vacuum, the very small amount found by me being 
due to some otherwise inappreciable impurity contained in my 
silver. 

Determinations of Bromine in Tellurium Tetrabromide. 

The tetrabromide obtained by sublimation in a vacuum was 
weighed, as above stated, most exactly, and dissolved in the same 
vessel in two to four times its weight of a solution of 1 part of pure 
tartaric acid in 1 part of water. Then, from Experiment 31, the quan¬ 
tity of silver necessary for the complete precipitation of the bromine, 
was calculated aud weighed out most exactly, and dissolved in about 
five times its weight of nitric acid of sp. gr. 1*24, either in the appa¬ 
ratus, Eig. 1, or in the flask in which the precipitation had to be 
effected. These vessels were Gay-Lussac’s silver test-flasks of 
200—500 c.c. capacity but equal diameter. They could be closed 
with tightly ground and carefully polished stoppers, having a sharp 
cone at their lower part projecting Into the flask, this causing a 
quicker division of the flocks of silver bromide on agitation. The 
agitation was effected by means of the apparatus seen in Eig. 6, 
which could be set in action by a water engine a, b, c. The flask/' 
Is contained In a layer of black cloth and in a tightly closed box, e, 
suspended by an elastic rubber spring, g . The agitation must be con¬ 
tinued for many hours, not only for clearing the liquid, which takes 
place in a few minutes, but because the silver bromide gives up its 
impurities, especially tellurium, only when the Succulent precipitate 
has been entirely converted into the pulverulent modification. 
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After clearing', the very small excess of silver or bromine present 
in the liquid was determined by standard decinonnal solutions. The 


Pin. 6. 



silver solution used for this purpose was prepared by dissolving* 
1 gram of pure silver in nitric acid and making* up to 1 litre with 
■water distilled over alkaline permanganate. The potassium bromide 
solution was prepared by dissolving 1*10340 grams of pure potassium 
bromide in water and making up to 1 litre. The bromide was pre¬ 
pared from the purest medicinal preparation by evaporating its solu¬ 
tion to dryness with pure bromine and then fractionally dissolving- 
in -water and recrystallising. (See Kriiss, Annalen, 238, 241.) 
Before weighing, it was heated to redness in a double platinum 
crucible. 

The titration was effected by means of carefully graduated narrow 
pipettes, open at their lower end and closed at the top by a rubber 
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tube, on opening wkicli and letting air in carefully, the liquid can 
be allowed to drop out without coming into contact with greased 
stopcocks. The operation was effected in a perfectly dark room, but 
the liquid to be tested was lighted by a beam of yellow light. The 
light must contain chemically active rays , otherwise the slight turbi¬ 
dities become invisible. Red light—in general light of less than 
A = 550—does not answer the purpose. If large quantities of the 
standard solutions are added, slight decomposition of the silver 
bromide takes place, so that the limit of complete precipitation 
changes in such a way that after some time the liquid again yields 
a precipitate with silver solution. This is completely avoided in my 
case, the volume of the standard solution to be added amounting to a 
few drops only , and being sometimes nought. 

In this way the following experiments w r ere made, every one of 
which required several days for completion. 


Exp. TeBr. Ag. Br. Atomic 

No. grams. grams. p.c. weight. 

35 . 2-14365 2-06841 71*483 127*60 

36 . 1-76744 1-70531 71*478 127*63 

37.. 1*47655 1*42477 71*484 127*59 

38. 1*23354 1*19019 71*479 127*63 


Mean. 71*481 127*61 


From these experiments it is seen that the number representing 
the atomic weight of tellurium is Te = 127*61, this number being 
larger by 0*75 than the atomic weight of iodine ! 

Indeed, from a purely experimental point of view, the present 
work may be regarded as completed, and 20 years ago no one would 
have doubted that tellurium now belongs to those elements, the 
atomic weight of which is very exactly determined. 

This is, however, not the case when we regard the matter in the 
light of chemical philosophy, for tellurium with such an atomic weight 
would be a striking exception to the periodic law, being in fact the 
first element the properties of which are not a function of its atomic 
weight! 

This anomaly might, however, be only apparent, and might be 
possibly explained in one of the following ways :— 

(a.) The Atomic Weight is badly Determined .—Such an assumption 
is impossible, the determinations, carried on volumetrically (Experi¬ 
ment 35—38), agreeing completely with the gravimetric determina¬ 
tion, so that an error of four units (127*6 — 123*6 = 4*0) cannot be 
assumed to have taken place, such an error being 200 times as large 
as the largest deviation from the mean = + 0*02. 
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(' h .) The Bromide may contain some Oxybromkle .—This was very 
improbable, as the metal and the bromide were obtained by sublima¬ 
tion. The absence of oxygen in the bromide was shown by complete 
analysis. 

Experiment 39.—4’4392 grams of tellurium tetrabromide were 
dissolved in hydrochloric acid and precipitated by sulphurous acid. 
The tellurium was collected by reversed filtration. In this way 
1*2764 grams = 28‘75 per cent, of tellurium w r as obtained. The 
result is slightly high on account of an unavoidable admixture of 
tellurium dibromide. 

Experiment 40.—3*6247 grams of tetrabromide were reduced with 
sulphurous acid and the tellurium heated in the flask in a current of 
hydrogen at 200°, hydrobromic acid being found to escape. In this 
way, 1*0350 grams of pure tellurium was obtained = 28*55 per cent. 

Brom this and the Experiments 35—38, therefore, the composition 
of tellurium tetrabromide becomes :— 


Tellurium. 28*55 

Bromine. 71*48 

Total . 100*03 


Tellurium tetrabromide contains no oxygen and consequently no oxy- 
bromide. 

(c.) The following is the third possible explanation. Tellurium is 
not a homogeneous body, but contains an admixture of foreign sub¬ 
stances which have a higher equivalent than the bromine equivalent 
of tellurium. (This equals 127*6 4- 4 = 31*9, but ought to be about 
= 31.) These admixtures might be partly known elements such as 
Se (equivalent from SeBr 2 = 39*5), Sb (eq. = 40), Bi (eq. = 69*3), 
and partly hitherto unknown elements of the same natural group as 
Mendeleev’s dwiselenium = 166 and dwitellurium = 214. Some of 
their properties may be predicted from their position in the periodic 
system. 

Before assuming that tellurium forms a striking exception to the 
periodic law, and that this law consequently loses a great deal, if not 
all, of its authority, 1 have thoroughly investigated the question as to 
whether tellurium is a complex substance or not. Eor, if the periodic 
law is true, we may conclude by deduction* that tellurium contains a 
foreign substance which renders its “ atomic weight ” higher. 

# Applying the periodic law, the author showed by the process of deduction 
eleven years ago that the atomic weight of beryllium is not Be'" - 13*6, as was 
assumed by Nikon and Pettersson, but Be" = 9*1, in spite of its low specific heat, 
Just as the existence of the simple molecules AICI 3 , &e., has been, foreseen. It is 
remarkable that the author’s paper on this subject was not mentioned by 1 Nikon 
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Attempts to Decompose Tellurium. 

An attempt to decompose tlie metal by fractional distillation gave 
no results in the hands of Wills ( loo . cif.). 

First MetJiod. —■Tellurium tetrabromide was subjected to fractional 
sublimation in a vacuum. The more volatile portion gave Te = 

: 127*60 and 127*63 (see Experiment 35 and 36) ; the less volatile 
portion Te = 127*59 and 127*63 (Experiments 37 and 38). 

Seffond Method. —A considerable quantity of crude tellurium was 
dissolved and precipitated by sulphurous acid. The tellurium 
obtained was fused in many portions with potassium cyanide, and the 
claret-coloured solution was precipitated fractionally by passing in a 
current of _ air. 

The single portions of tellurium obtained were distilled in a current 
of hydrogen and converted into the bromide, which was most care¬ 
fully analysed as above. 


Exp. 

Fraction 

TeBi-j. 

Ag4- 

Hr. 

Atomic 

No. 

No. 

grams. 

grams. 

p.c. 

weight. 

39. ... 

I. 

3*07912 

2-97064 

71-472 

127*67 

40. ... 

i. 

5-47446 

5-28157 

71-472 

127-67 

41. 

. ii. 

3-30927 

3-19313 

71-482 

127-60 

42. ... 

. IV. 

7-26981 

7-01414 

71-477 

127-64 

43. ... 

. IV. 

3-52077 

3-39667 

71-471 

1-27-67 


Mean. 127*65 

The experiments agree so remarkably that the concordance could not 
be closer if the tellurium were absolutely homogeneous ; the largest 
deviation from the mean falling almost within the unavoidable experi¬ 
mental errors.* 

Fxperiment 44.—For applying the correction for weighing in a 
vacuum, the sp. gr. of tellurium tetrabromide was taken in pure 
anhydrous benzene at 15° 0., the numbers referring to water = 1 at 


4° C, in a vacuum. 

Sp. gr. of benzene .. 0*88456 

Weight of tellurium bromide .. 3*40584 gram. 

Weight of benzene displaced .. 0*69904 „ 

Sp. gr. of TeBr 4 . .. 4-310 

4 


and Pettersson when they had experimentally confirmed both the above supposi¬ 
tions. \ 

' #w An error of ± 0*1 milligram of silver (= two drops of its standard solution) 
; * causes, with 1 grain of the substance, a difference in the atomic weight of ± 0*05, 

with 5 grams of substance a difference of ± 0*01. 

* 
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Loss of •weight in air of 1 gram (Prague)— 


Tellurium tetrabromide. 0-274 

Silver .... 0*112 


The atomic weight of tellurium in a vacuum is obtained by adding to 
the numbers obtained in air +-0*07- 

Third Method .—A hydrochloric solution of pure tellurium dioxide 
(preparation see under Gr) was fractionally precipitated with ammo¬ 
nia, and eight fractions were thus obtained. 

Fraction 9 was precipitated from the last filtrate with sulphurous 
acid in the presence of hydrochloric acid. 

Fraction 10.—After boiling off the excess of sulphur dioxide, the 
solution was precipitated with hydrogen sulphide. A brownish-red 
sulphide w T as obtained, the small quantity of which did not permit me 
to ascertain its nature. 

The tellurous acid obtained in the single fraction was converted into 
the element, and this as well as the bromide prepared from It were 
purified as above by sublimation. 


Exp. Fraction TeBr 4 . A g 4 . Bi\ Atomic 

No. No. grains. grams. p. c. weight. 

45 . 1. 2*35650 2*27363 71*477 ' 127*64 

46 . 4. 1*51931 1*46564 71*465 127*71 

47 . 9. 1*43985 1*38942 71*488 127*57 


. Mean ........ 127*64 

This again would seem to point to an identity of the single fractions. 

In the following experiments, the tellurium was only dried and 
fused in a current of hydrogen, but not distilled. The tetrabromide 
was only freed from the dibromide by fractional sublimation in a 
vacuum, but it was not converted into vapour, as it decomposed with 
the formation of a deep-violet vapour and of a large quantity of the 
greenish-black dibromide. This tetrabromide possessed a peculiar 
greenish colour, and its solution in tartaric acid was greenish-brown. 
The substance differs in properties and composition completely from 
the normal tellurium tetrabromide, as seen from the following experi¬ 
ments :— 


Exp. Fraction TeBr 4 . Ag 4 . Hr. Atomic 

No. No. grains. grams. p. c. weight. 

48. ..«. 1. 1*85162 1*77858 71*160 129-63 

49. .... 2. 1*46740 1*38428 69*886 137-72 

50. .... 9. 1*48180 1*42573 71*279 128*88 


The results obtained allow us to draw the following remarkable 
conclusion. 
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If tellurium, obtained by any process of fractionation whatever, be 
subjected to distillation in a current of hydrogen, and the tetrabromide 
be prepared from this by sublimation in a vacuum, its analysis.always 
gives the same atomic weight for tellurium. So that on comparing 
the quantities of the tetrabromide with those of the corresponding 
silver, as used in Experiments 35—38, 39—43, and 45—47, the 


following result is obtained :— 

TeBr 4 . A g 4 . Tellurium, 

grams. grams. Atomic weight. 

34*59027 33*37355 127-64 

Experiment 46, maximum. 127*71 

„ 47, minimum. 127*57 

Difference. 0*14 

Largest deviation from the mean .. +0*07 

Probable error of the mean result*. +0*008 


If, however, the tellurium be only fused in a current of an indiffe¬ 
rent gas, and the tetrabromide be not sublimed, higher numbers 
will be obtained. In this way in the Experiments 48, 49, and 50 we 
got Te = 129*63, 137*72, and 128*88. 

The differences are too large to be due to experimental errors, as 
the difference between 137*72 and 127*64 = 10*18 is 144 times larger 
than the largest deviation from the mean, and 1272 times as large as 
the probable error of the mean result. But also in the case of the 
smallest number, 128*88, the corresponding numbers are 17 and 155 
times larger. 

It is therefore very probable that on distilling tellurium in a 
current of hydrogen, and the tetrabromide in a vacuum, one con¬ 
stituent of tellurium escapes partly, the presence of which in the last 
three cases renders the atomic weight higher. 

The fact is a very remarkable one, although it would have been 
hardly remarkable except for the existence of the periodic law, that 
in the greater number of cases the “ combining weight ” (we cannot 
say atomic weight!) of tellurium remains constant, so that the 
quantity of matter which takes part in the reactions as u tellurium s> 
weighs 127*6, oxygen weighing 16. 

Tellurium is a true “ Gadolinium ”f of the hydrogen sulphide group . 


* Calculated from the formula ±0*6745 a / ——- where 8 = sum of the 

V n(n — I) 

squares of the errors, n = number of experiments; here n = 12. 

t Vompt* rend., 108, 795. The mixture of yttrium, erbium, and ytterbium 
oxides, showing apparently a constant molecular weight in different minerals, was 
called “ Gadolinium” oxide by Nordenslnold. Rammelsberg (Berk Alcad ., SO, 
549) has shown that this assumption contradicts the result of his analyses. 
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I, Analysis of the Dibromide. 

A large amount of time and work was expended on the study and 
analysis of tellurium dibromide, my aim haying been to determine 
the atomic weight of tellurium by as many independent methods as 
possible. I expected that the quantity of bromine combined with 
100 parts of tellurium in the dibromide, and that in the tetrabromide 
would stand exactly in the proportion 1 : 2. 

The dibromide was prepared by fusing the tetrabromide with an 
excess of powdered tellurium, and sublimation either in a vacuum or 
in a current of carbon dioxide, TeBr 4 4* Te = 2TeBr 2 . It forms a 
blackish-green or black crystalline mass, or a black powder, or, after 
careful sublimation, needles of a pale steel colour. The powder is 
olive-green, with a yellowish tinge. The appearance, indeed, seems 
to show that the substance is a mixture either of several alio tropic 
modifications, or of different compounds. On treatment with tartaric 
acid solution, tellurium tetrabromide dissolves, forming a yellow 
solution, which, however, is sometimes greenish-brown from the 
presence of another substance, 

2TeBr 3 = Te + TeBr 4 . 

The dibromide must be finely powdered under the tartaric acid 
solution, otherwise some of the dibromide may escape decomposition, 
as seen from the following. 

Experiment 51.—1*3856 grams of the dibromide was only extracted 
with tartaric acid, and the solution gave 1*6730 grams of AgBr = 
51*38 per cert, bromine. The following experiments were made with 
tellurium dibromide of different preparations. The bromine was 
determined as silver bromide, which was collected in a dark room by 
reversed filtration:— 


Exp. TeBr 2 . AgBr.' Br. 

No. grams. grains. p. c. 

52 ... 0*5526 0*7160 55*14 

53 ... 0*8322 1*0726 54*85 

54 .. 2*3741 3*0693 55*02 

55 . 1*00872 1*29556 54*658 


After dissolving the insoluble washed residue of tellurium in dilute 
nitric acid in the apparatus Fig. 1, it was tested for bromine, but 
silver nitrate gave only a small, flocculent, greyish-violet precipitate, 
which was neither silver bromide nor silver tellurium tartrate. 

The percentage of bromine calculated for Te == 127*64 in the 
dibromide ought to be Br = 55*62. All the results obtained were 
lower, the highest (Experiment 52) pointing to an atomic weight of 
Te = 130, the lowest (Experiment 55) to Te = 133. 
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From the analyses of tellurium tetrabromide, dibromide, and tbe 
observations regarding them, tbe following conclusion may be 
drawn:— 

Tellurium is not a simple substance . 

Tbe question arises, whether tbe numbers, obtained by tbe synthesis 
of tbe dioxide and the sulphate of tellurium, giving Te = 125—126 
(see Experiments 1—19), are to be regarded as inaccurate? 

This I deny most decidedly. On the contrary, I regard these 
experiments as another proof of the complex nature of tellurium. 
For a mixture of several elements—probably three, as seen from tbe 
result of tbe fractionation with ammonia—may be expected to possess 
an affinity for oxygen different from that which they have for 
bromine, and indeed, tbe stability of The mixed bromides obtained 
from different fractions is very different. 

Tbe next task consists in studying tbe nature of tbe foreign 
admixtures of tellurium, iu order to prepare pure, real tellurium, 
which remains to be discovered .* 

I should be much obliged to my brother chemists if they would 
kindly leave this problem to be worked out by me for some time to 
come, as only now, after six years’ labour, have I begun to overcome 
some of tbe difficulties connected with tbe research, and I expect to 
encounter even more serious ones in tbe future. Nothing is more 
hurtful to true science than tbe hasty publication of incomplete and 
unverified results, and I hope I may not be forced by circumstances 
to adopt such a course. 

Some of tbe results, unpublished here, have been communicated by 
tbe author to tbe Chemical Society at tbe meeting of June 6th, 
1889. 

# The behaviour of acid tellurium, solutions towards hydrogen sulphide is 
another proof of its compound nature. The first drops of sulphuretted hydrogen 
water cause a reddish-brown coloration of the solution, showing a peculiar fluor¬ 
escence, due probably to the formation of a colloidal sulphide. On adding some 
more sulphuretted hydrogen water, a reddish-brown precipitate is thrown down, the 
solution remaining reddish-brown. As soon as the gas is present in excess, the 
volume of the sulphide (?) diminishes: it becomes black, and consists now of a 
mixture of tellurium and sulphur. After extracting the latter with carbon bisul¬ 
phide, the precipitate still contains several per cent of sulphur, probably in the 
form of a sulphide. ■ 



XLII.— The Isomerism of the Alkyl-derivatives of Mixed Diazoamido - 

compounds. 

By Raphael Meldola, F.R.S., and F. W. Steeateeild, F.LC. 

The isomerism which has been brought to light in the course of our 
investigations of the alkyl-diazoamides is, as we have already pointed 
out in former papers, quite inexplicable by the formula generally 
assigned to these compounds, and in our last communication on this 
subject we promised to make this isomerism the subject of further 
research (Trans., 1888, 664). For the complete appreciation of the 
nature of the problem which we have taken up, it will be advisable to 
state once more the general conclusion to which our former work 
pointed and the principle of the method which we have employed in 
arriving at this conclusion. 

The generalised formula of the diazoamides of mixed type is gene¬ 
rally written— 

X-Na-NHT or T-E;MX. 

According to this view, two alkyl-derivatives only are possible, 
viz.:— 

XXVXRT and YX>XR'X. 

When mixed diazoamides are prepared, only one compound can be 
obtained from any pair of dissimilar amines, Griess having shown 
that it is immaterial in which order the amines are diazotised and 
combined, a discovery which has been since confirmed by many 
investigators. We may add that we have made numerous experi¬ 
ments in the course of our work with many pairs of dissimilar amines, 
and have invariably obtained the same compound in whichever order 
the amines were diazotised and combined, so that there can be no 
doubt as to the generality of Griess’s conclusions. 

The diazoamides, both normal and mixed, can be readily alkylated 
by beating them in alcoholic solution with the theoretical proportions 
of alkyl iodide and potassium hydroxide. 

Alkyl-derivatives can also be prepared by acting with a diazotised 
amine upon an alkylamine, such, for example, as by the action of 
X'XVOl on X'XHR or of Y*RVC1 on X'XHRk Our first experi¬ 
ments were undertaken with the object of determining the constitu¬ 
tion of the mixed diazoamides by comparing their directly alkylated 
derivatives with the two alkyl-derivatives prepared from the corre¬ 
sponding amine and alkylamine as above. It was found that the 
derivative prepared by direct alkylation corresponded with neither of 
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the other isomeridea, and it was accordingly inferred that any pair 
of aromatic amines could give rise to the three isomeric alkyl-diazo¬ 
amides ;— 

1. By the action of X*X 2 *C1 on Y*XHR', 

2. By the action of Y-N 3 -C1 on X-NHR'. 

3. By the action of KOH and R/I on X«X 3 H*Y. 

The generality of this conclusion has hitherto rested only on the 
two cases made known in former papers, viz., the methyl- and ethyl- 
derivatives of the diazoamides obtained from para- and meta-nitr- 
aniline. In the present paper, we give the results of the extension of 
our experiments to many other pairs of amines, and the truth of our 
former inference is, as will be seen, completely borne out in every 
case. From each pair of amines experimented with, we have obtained 
three isomeric alkyl-derivatives. These series of three isomerides 
are referred to in the paper as triplets. The compounds produced by 
Methods 1 and 2 (see above) are easily prepared, and in most 
instances have presented but little difficulty in the way of purifica¬ 
tion. The compounds of this class are for the present formulated in 
accordance with their mode of production on the types X*X 2 *XB/*Y 
and Y*X 3 ‘XB/X. The compounds prepared by direct alkylation, 
which are provisionally formulated on the type X*X 3 R'*Y (Method 3), 
have been much more difficult to obtain in a state of purity, a 
difficulty which we attribute entirely to the tendency of the mixed 
diazoamides to become contaminated with traces of the normal diazo¬ 
amides by secondary reactions occurring during their formation* 
We are not aware whether other experimenters have experienced a 
similar difficulty in dealing with these compounds, and on referring 
to the various papers by previous workers we find that the com¬ 
position has, in nearly all cases, been considered as settled by the 
determination of one element only, generally the nitrogen. It will be 
seen, however, that this mode of procedure cannot be regarded as 
satisfactory, since a mixed diazoamide containing a halogen-atom in 
one radicle might be contaminated with an appreciable quantity of 
the normal compound without affecting the percentage of nitrogen 
beyond the ordinary limits of experimental error. To give a specific 
instance; By the action of paradiazotoluene chloride on parachlor- 
aniline, or of parachlorodiazobenzene chloride on paratolmdine, there 
is formed a mixed diazoamide of the formula CeHiCbNsHd^H?, which 
contains 17T per cent, of nitrogen and 14*8 per cent, of chlorine. 
The corresponding pair of normal compounds would be 

C 6 H 4 C1*N 3 H‘C 6 H 4 C! 

(containing 26*7 per cent, of Cl and 15*8 per cent, of X), and 
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C 7 H 7 -jSr 8 H-0 7 H T (containing 18*7 per cent, of JST). The two normal 
compounds differ, therefore, from the mixed compound only by 1*3 
and 1*6 per cent, of nitrogen respectively, so that a considerable 
quantity of one or both the normal compounds might be present in 
admixture with the mixed diazoamide without being detected by an 
analysis in which the nitrogen was the only element determined. 

From considerations such as the foregoing, it is obvious that the 
purity of the mixed diazoamides can only be regarded as satisfactorily 
demonstrated when at least two of the constituent elements are 
determined. The mixed compounds containing a halogenised radicle 
on one side of the N 3 H-group are particularly well adapted for show¬ 
ing when a pure product is obtained, because the presence of a small 
quantity of one or the other of the normal compounds is easily shown 
on determining the halogen; whereas the nitrogen determination 
would fail to reveal the presence of a small percentage of such an 
impurity. For this reason we have made use of parachloraniiine or 
parabroroaniline as one of the amines in the preparation of all the 
mixed diazoamides described in the present paper. It is evident that 
such compounds are more suitable for the purposes of the investiga¬ 
tion upon which we are engaged than the more symmetrical mixed 
compounds containing such radicles as (p)NOyQ 6 H 4 and (m)NOa’C 6 H 4 
on each side of the N 3 H-group. Thus the mixed compound, 
(p)N 02 *C 6 H 4 *br 3 H*C e H 4 *Isl 02 (?'/i), described by us in a former paper, 
would have the same percentage composition as the two normal 
compounds, 

(p)NO^O B H 4 *ISr 3 H*C 6 H 4 *NO a (p) and (m)hTOyC 6 H 4 *F 3 H-C 5 H 4 *IsrO g (m), 

either or both of which might be present in admixture with the 
mixed parametadinitin-compound without being capable of detection 
by analysis. It was only after considerable experience with the 
mixed compound containing one halogenised radicle had shown us 
that varying quantities of one or the other of the corresponding 
normal compounds were generally formed at the same time as the 
mixed diazoamide, that we were led to discredit the purity of those 
mixed compounds prepared by previous investigators, and taken as 
pure on the strength of a nitrogen determination only. For the 
same reason we were led to suspect that our own preparations of the 
mixed para-metadinitrodiazoamidobenzene might have been con¬ 
taminated with more or less of the normal dipara- or dimeta-nitro- 
,compound, analysis being obviously of no avail for the decision of 
this question. We have, therefore, submitted the mixed dinitrodiazo- 
amide from paranitraniline and metanitraniline to a further critical 
examination, in order to clear up this point in the first place, slight 
variations in the melting points of different preparations having con- 
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vinced ns, in tlie light of more recent experience, that traces of the 
normal compound might have been present in our earlier experi¬ 
ments. We shall describe the results of these experiments before 
passing on to the other triplets. With respect to the melting points 
of the diazoamido-compounds and their alkyl-derivatives, it will be 
necessary at this stage of onr work to offer some general obser¬ 
vations. 

Starting from the fact, which we now regard as established on a 
fairly wide basis, that each pair of amines gives rise to three isomeric 
alkyl-diazoamides, we have found that the melting point of the com¬ 
pound produced by direct alkylation is always more vague than that 
of either of its isomerides. This vagueness of melting point appears 
to he a natural property of the compounds of this series. The ex¬ 
planation of this property is to he found in the fact that the diazo¬ 
amides, as well as their alkyl-derivatives, are all more or less prone to 
decompose, with evolution of nitrogen, on heating; so that the 
melting point is, in most cases, also the point of decomposition, and 
it is well known that under such circumstances sharpness of melting 
point cannot be expected. The products formed by direct alkylation, 
taken as a whole, are more easily decomposable than their isomerides, 
both on heating and by the action of acids; and it is this fact which 
accounts for the wider range of their melting points. The instability 
is more pronounced in those compounds which contain acid radicles, 
such as 2 N t 0 2 , Br, Gl, &c., in both nuclei, and in some of these cases 
the substance begins to shrink and soften many degrees before fusing 
to a clear liquid, bubbles of nitrogen being given off more and more 
freely as the temperature rises. It must be understood that this pro¬ 
perty more especially pertains to the compounds produced by direct 
alkylation: the isomerides formed by the action of diazotised amines 
on alkylamines have fairly sharp melting points owing to their being 
more stable under the influence of heat. We had noticed this vague¬ 
ness of melting point in the directly alkylated products of the mixed 
para-metadinitro-diazo-compound first studied, but we were not aware 
till we had prepared many analogous compounds that the property in 
question was characteristic of all the alkyl-derivatives produced in a 
similar manner. 

Further Experiments to test the Chemical Individuality of Para-meta- 
diniiro-diazoamidobenzene and its Alkyl-derivatives . 

Experiment I —Metanitraniline was diazotised and combined with 
paranitraniline in the usual manner. The crude product when dry 
had a melting point of about 200—201°. On crystallising from 
alcohol, the following melting points were observed:— 
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1st crystallisation: m. p. 216"5—217° 

„ -2nd „ „ 217° 

„ seA „ » 211 - 212 ° 

„ 4th ■ „ „ 212-212-5°. 

\ y 

The melting point after tStps remained constant, and we believe ibis 
to be about the true point of fusion of the substance, the higher 
readings of the first and second crystallisations being possibly due to 
the presence of some of the normal compound, 

(£?) hr o 2 # c 6 h 4 *k 3 h* c 6 n 4 *isr o 2 (p ), 

which was removed by the continued crystallisations. As illustrating 
the difficulty of determining the melting point—even in the case of 
this compound, which fuses much more sharply than its alkvl-deriva- 
tives—we may add that the rate at which the snl^^<rSmdStlTTs'- 
heated materially influences the result. By causing the mercury of 
the thermometer to rise very rapidly, the melting point of the com¬ 
pound could be raised to 22*2° or 227—228°. 

Experiment II. —In the next experiment, the order of combination 
was reversed; par an it r aniline was diazotised and then combined with 
metanitraniline as before. The crude product when dry fused at 
about 210—211°. 

After 1st crystallisation: m, p. 210—210*5° 


2nd 

V) 

„ 212—213 

3rd 


„ 211—212-5 

4th 


„ 212-5—213-5° 

5th 

>? 

„ 212"5—213° (constant). 


From this result it appears that a purer product was obtained in 
the first place by this order of mixing. The final products from 
each experiment were compared and found to he identical in all 
respects, dissolving in alcoholic potash with the orange-red colour 
intermediate between the orange solution of the dimetadinitro-com¬ 
pound and the magenta-red solution of the diparadinitro-compound 
in the same solvent. This pair of experiments serves to show that 
the para-metadinitro-compound is a distinct chemical substance having 
a melting point of 212—213°. # 

Experiment IT. —The next experiment is a repetition of a former 
attempt (this Journ,, Trans., 1887, 440, note) to synthesise the para- 
meta-compound by mixing the two normal isomerides— 

( i? )E'0 2 -C 6 H 4 *N 3 H-C 6 Hyhr0 2 (p) and (mJ^O^O^-hTaH-CeHrlsrO^m). 

2 grams of each were completely dissolved in alcoholic soda, the solu¬ 
tion diluted with water, and then just neutralised with acetic acid so 

* In our former papers we gave the melting point as 211°. : • , 
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.as to throw out the diazoamides in a state of perfect admixture. The 
precipitate, after being collected and washed with water, was crys¬ 
tallised from alcohol, the first crop of crystals being filtered off as 
soon as the solution was cool. The melting point of this first crop 
was 214—215°, and a second crystallisation brought the melting point 
up to 222—223°—that is, to that of the pure diparadinitro-eompound. 
The mother-liquor from the first crop deposited a second crop of 
crystals on standing. These had a melting point of 193—194°, and 
thus proved to be the dimetadinitro-compound. The two normal 
compounds do not, therefore, enter into combination, and are easily 
separable by fractional crystallisation. 

Experiment V .—3 grams of eacb of the two normal isomerides were 
mixed and dissolved in alcohol with the theoretical quantity of potas¬ 
sium hydroxide (one molecular proportion) and ethyl iodide. The 
mixed compounds were ethylated by cohobation in tbe usual way. The 
product, after being collected and washed with water had, when dry, a 
melting point of 141—166°, and was seen under the microscope to 
consist of a mixture of two kinds of crystals. The ethyl-derivatives 
were then crystallised from alcohol. 

After 1st crystallisation: m. p. 150—179° 

„ 2nd „ „ 188—191*5 

„ 3rd „ „ 191—192° (constant). 

The result shows that no combination of the ethyl-derivatives takes 
place. The normal ethyl-derivative, 

(p)N0 2 *C 6 H 4 *^ 3 (0,H 5 )*C 6 Hp]Nr0 2 (p) J 

being much less soluble than the dimeta-compound, is easily separable 
from the mixture in a state of purity after three crystallisations. 

'Experiment VI .—The last experiment having shown that alkyl- 
diazoamides of different solubilities are easily separable by continued 
crystallisation, a pure specimen of tbe mixed para-metadinitrodiazo- 
compound was prepared by combining diazotised metanitraniline with 
paranitraniline and crystallising the product from alcohol till the 
melting point was constant (212—213°). The purified compound was 
then ethylated as usual, and the ethyl-derivative crystallised from 
alcohol;—* 


After 1st crystallisation : m. p. 151—155° 

„ 2nd „ „ 151—155 

„ 3rd „ 151—155 

The substance is thus unresolved by crystallisation from alcohol, 
and there can be but little doubt as to its chemical individuality, 
Experiment TIL —Another specimen of the mixed parameta-com- 
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pound was prepared by combining diazotised paranitraniline with, 
metanitraniline, and the purified product was ethylated as in the last 
experiment. The ethyl-derivative was then crystallised from 
alcohol:— 

After 1st crystallisation: m. p. 153*5—156° 


55 

2nd 

55 

55 

153*5—156 

55 

3rd 

5 ? 

55 

151—153° 

55 

4th 

55 

55 

152—156 

55 

5th 

55 

51 

152—155 


These experiments furnish additional evidence of the identity of 
the mixed diazoamide prepared by the two orders of combination. 
The melting point of the ethyl-derivative may be taken as about 
151—155°, the vagueness arising from the decomposition of the 
substance and the consequent difficulty of determining the precise 
point at which it begins to fuse and the point at which fusion may be 
said to be complete. We consider the melting point now given as 
nearer the truth than that given in our earlier papers (148°), our 
former preparation being probably contaminated with slight traces of 
one or both of the normal dinitrodiazoamides, the presence of which 
would, as already explained, escape detection by analysis. 

In the following descriptions of the new series of alkyl-diazoamides, 
we have not thought it necessary in all cases to isolate the mixed 
diazoamide in a state of chemical purity previous to its alkylation, as 
it was generally found more expeditions to alkylate the crude 
product, and then purify the latter by crystallisation. This method 
of working offers many advantages, because the alkyl-derivatives are 
in most cases more stable when treated with the solvent than the un¬ 
alkylated mixed diazoamide. We have, indeed, reason to believe that 
some of the more unstable mixed compounds, even when pure at 
starting, may become contaminated with more or less of the corre¬ 
sponding normal compounds on prolonged boiling with alcohol. This 
point is at present undergoing further investigation, but the results 
are not as yet ripe for publication. The products of decomposition 
by hydrochloric acid have throughout been determined by the method 
described in former papers (Trans., 1887, 438, and 1888, 675.) 

I. The Triplet from Paranitraniline anr Pababromaniline con¬ 
taining Methyl, 

1. Action of Diazotised ’Paranitraniline on Methylparabromaniline. _ 

Paranitraniline was diazotised, and the solution mixed with the 
theoretical quantity of methylpar&bromaniline oxalate* dissolved in 

# This salt was used because of the readiness with which it crystallises, and the 
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cold water. As soon as the solutions are mixed, an orange resinous 
substance separates out, and after being allowed to stand for some 
hours this was collected, washed with cold water, and purified by two 
or three crystallisations from alcohol. The substance forms minute 
orange needles melting sharply at 151—151*5°. 

0*0829 gram gave 12 c.c. moist hT at 13*5° C. and 744*8 mm. bar. 


0*0905 „ 0*0497 gram AgBr. 

Caleidated for 

(^XOa-O^-hh-NfOHJ-CeH^Br^). Found. 

1ST. 16*72 16*72 

Br. . 23-88 23*37 


Decomposition by Hydrochloric Acid. —0*3267 gram of the substance.* 
allowed to stand for two days under 10 c.c. of strong acid, dis¬ 
solved with the exception of a trace (weighing 0*0058 gram). The 
solution on dilution and filtering into an alkaline solution of 
/3-naphthol gave 0*2787 gram pure azonaphthol compound, corre¬ 
sponding to a yield of 86*85 per cent. Theory requires 87*46 per 
cent. The azonaphthol-compound after crystallisation from glacial 
acetic acid was identified as paranitrobenzeneazo-/3-naphthol (m. p. 
249°). The decomposition therefore takes place as shown in the 
equation— 

(^JNOa-Oa^Na-irca^-OA-BrCjp) + HC1 = (f>)NQa*0.H*-Na-01 

+ (p)Br‘CeH 4 -NH-CH 3 ; 

2. Action of Diazotised Pambromaniline on Methylparanitraniline .— 
Owing to the feebly basic property of methylparanitraniline, this 
combination could not be effected in aqueous solution, as too much 
acid is required to keep the methylnitraniline dissolved, and the 
addition of the aqueous solution of diazobromobenzene chloride 
simply throws out the methylnitraniline in a crystalline unaltered 
condition. The latter was therefore dissolved in a large volume of 
cold alcohol, and the diazo-chloride solution slowly mixed; excess 
of sodium acetate was then added, and the solution allowed to stand 
for some hours in the cold.* The dense, orange, crystalline preci¬ 
pitate was collected, washed with water, and crystallised three or four 
times from boiling alcohol, in which the compound is but very 
sparingly soluble* It forms small, yellowish, ill-defined crystals 
melting at 163—164° with decomposition:— 

facility which it thus offers for obtaining the secondary amine in a solid weigh able 
form, and in a condition of perfect purity. 

# In preparing mixed alkyldiazo-amides by this method, we hare always noticed 
the production of an odour resembling that of the isocyanides. 





420 MFXDOLA AND STBEATFEILD : ISOMERISM OF THE 


0*1210 gram gave 16*9 e.c. moist ~H at 12*5° C. and 761*2 mm. bar. 


0*2769 „ 0*1547 gram AgBr. 

Calculated for 

(p)Br-C 6 H 4 -3NVN(CH 3 )-C 6 H 3 -Jr0 2 (f)). Found. 

N . . 16*72 16*57 

Br.. 23*88 23*77 


Decomposition by Hydrochloric Acid. —0*8610 gram (less 0*0308 gram 
residue) decomposed by 10 c.c. strong acid, acting at tbe ordinary 
atmospheric temperature for 24 hours, gave 0*3370 gram azonaphthol- 
eompound, corresponding to 102 per cent. Theory requires 97*6 per 
cent. The azonaphthol-compound on crystallisation from- alcohol 
proved to be parabromobenzeneazo-fi-ncLphthol . This last compound 
does not appear to have been described. It forms^deep_red needles 
melting at 168—170° :— 

0*2090 gram gave 0*1216 gram AgBr. 

Calculated for 

Br*C 6 H 4 *N 2 ‘C 10 H 6 *OH. Found. 

Br... 24*46 24*75 

The decomposition accordingly takes place as follows:— 

(p)BrC 6 H4*N 2 -N(CH 3 )*CeH 4 *N0 3 (p) + HOI = 

(jp) Br O.Hi* H 3 *C1 + (j>)3ST 0,-C e H t -H'H-0H a . 

3. Methylation of Faranitroparabromodiazoamidobenzene. —Consider¬ 
able difficulty was experienced in obtaining a specimen of this 
compound sufficiently pure for methylation, the product generally 
being contaminated with some of the dinitrodiazoamidobenzene, and 
the nitrogen coming out too high in consequence. In the case of this 
compound, the nitrogen determination obviously furnishes the most 
certain criterion of purity. The action of diazotised hromaniline on 
paranitraniline dissolved in alcohol gave very unsatisfactory results, 
but the reverse order of combination gave a purer product when the 
proper precautions were observed. The bromaniline is first dissolved 
in dilute hydrochloric acid, and then thrown out in a very finely 
divided state by the addition of sodium acetate, a sufficient quantity 
of this salt being added to insure the absence of free hydrochloric 
acid when the whole of the diazo-ohloride solution is added. The 
paranitraniline is diazotised in the usual way, and the solution 
allowed to drop slowly with constant stirring into the bromaniline 
suspended in the well-cooled sodium acetate solution. After being 
allowed to stand for some hours, the orange precipitate is collected, 
washed with water, and crystallised from alcohol. The substance 
appears to be capable of crystallising in two distinct} forms; if the 
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crystals separate out rapidly, they consist of orange scales glistening 
with prismatic colours. By slow crystallisation, the compound is 
obtained in the form of dense orange prisms with pointed extremities. 
In most cases the two kinds of crystals were obtained in admixture. 
The melting point is unfortunately too vague to enable us to state 
whether this difference of crystalline form indicates the existence of 
chemical isomerides, as both scales and prisms decompose on heating, 
and have the wide range of melting point so characteristic of the 
unstable diazoamides. The melting point ranged from 175—181°. # 
The prismatic crystals melt somewhat more sharply than the scales, 
and, no doubt, represent a form of the compound analogous to that 
assumed by the corresponding mixed diazoamide from paranitraniline 
and parachloraniline described in our last communication on this 
subject (Trans., 1888, 673). From the fact that both kinds of 
crystals give on alkylation the same and apparently a homogeneous 
compound, we are disposed to believe that there is no chemical 
isomerism associated with this difference of form. A nitrogen deter¬ 
mination in a specimen containing the two crystalline modifications, 
which it was found impossible to separate completely from one 
another, gave the following result:— 

O'1841 gram gave 27*3 c.e, moist 1ST at 14° 0. and 759*9 mm. bar. 

Calculated for 

(p)N0 2 'C 6 H 4 -N 3 H*C 6 H 4 .Br(p). Found. 

IsT. 17*44 17*49 

The foregoing compound is very similar in its properties to the 
corresponding dinitrodiazoamide, dissolving with a red colour in hot, 
aqueous caustic soda, and with a similar colour in cold alcoholic soda. 
Methylation "was effected in the usual way, by cohobation in alcoholic 
solution with the theoretical quantities of potassium hydroxide and 
methyl iodide. The product was purified by repeated crystallisation 
from alcohol made alkaline with caustic soda (to remove any 
u nmethylated product), and finally from ordinary alcohol. The pure 
substance forms microscopic yellow needles melting at 150*5—151*5°, 
at the same time frothing up and decomposing. 

0*0928 gram gave 12*9 c.c. moist N at 10° C. and 769*2 mm. bar. 


0*0736 ,, 0*0411 gram AgBr. 

Calculated for 

(^)X0 2 ‘C f) H 4 *N 3 (CH 3 )'C {J H 4 -Br(i)). Found. 

1ST.... 16*72 16*84 

Br... 23*88 23*77 


* The melting point when crystallised from benzene is, according to Goldschmidt, 
184° (Ber, } 1888, 2574). By running up the temperature very rapidly, our pre¬ 
paration could be raised in melting point to about 187°. 
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Decomposition by Hydrochloric Acid. —0*2253 gram, allowed to remain 
under 10 e.c. of strong acid at the ordinary temperature for 2 to 3 
hours, left 0*0280 gram unaltered substance, and gave 0TS74 gram 
azonaphthol-compound, corresponding to about 95 per cent. The 
azonaphthol-eompound had, when crude, a melting point ranging 
from 184—207°, and thus proved to be a mixture. By continued 
crystallisation from glacial acetic acid, the mixture was separated, as 
shown by the following melting points :— 


After 1st crystallisation: in. p. 


S3 

55 

55 

55 


2nd 

3rd 

4th 

5th 


55 

55 

5 ? 


55 


53 


55 

55 


188—234° 
225—235 
240—243*5° 
246*5—247*5° 
249° (constant). 


The substance separated is, therefore, paranitrobenzeneaz'o-/?- 
naphthol. The compound accordingly breaks up under the influence 
of the. acid in two ways:— 


2( p) N0 2 *CgH 4 *1T 3 (C H 3 )‘OfiH^Br( p) -f 2HC1 = 

(p)m-C 6 H,tNVCl + (pJBrCiH^-Cl + (p)NOrC 6 H 4 *]SrH‘CH 3 
+ (p)Br*0 6 H 4 *KH-GH 3 . 


The azonaphthol-compound is thus a mixture of paranitrobenzene- 
azo-/3-naphthol and parabromobenzeneazo-/3-naphthol. If the decom¬ 
position took place quantitatively in accordance with the above equa¬ 
tion, 100 parts of the diazoamide should yield 92*5 parts of the mixed 
azonaphthols. Our experiment gave 95 per cent. The 92*5 parts of 
the mixed azo-naphthols, corresponding to the above decomposition, 
contain 12*9 per cent, bromine. An analysis of our crude azonaphthol- 
compound (before fractional crystallisation) gave the following 
result:— 

0*1640 gram gave 0*0600 gram AgBr = 15*56 per cent. Br. 

Calculating this bromine as parabromohenzeneazo-^-naphthol, the 
composition of the mixture is accordingly— 

(y)BrO,H*-N 9 -C,oH B «OH(l8).... 63*61 

(l?)N0 2 *C 6 H 4 *lSr 2 *CioH G *OH (ft) .. 36*39 (by difference). 

If each had been present in molecular proportion, the composition 
would have beeu— 

(p)Br'C 6 F 4 %*G;oH 6 -OH(/3) ..... 52*74 

(i>)HO 3 -C 6 E 4 «N 2 *C 10 H 6 *OH(^).. 47*26 

From this result it would appear that an excess of parabromodiazo- 
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benzene chloride is produced in this decomposition. We shall, how¬ 
ever, return to the discussion of this point in a subsequent part of the 
present paper. 


II. The Triplet from Paranitraniline and Parabeomanxlin e 

CONTAINING ETHYL. 

1. Action of Diazoiised JB aranitrauiline on JEthyIpavahromaniline .— 
The secondary amine was prepared by heating bromaniline with the 
theoretical quantities of ethyl iodide and sodium hydroxide in alco¬ 
holic solution in a flask, with reflux condenser, for about half an hour. 
The alcohol was distilled off, the oily product washed with water, 
dissolved in hydrochloric acid, and converted into nitrosamine by the 
addition of sodium nitrite. When purified by crystallisation from 
dilute alcohol, the nitrosamine forms lustrous ochreous plates melting 
at 63—64°. The secondary amine was obtained by reducing the 
nitrosamine with tin and hydrochloric acid in the usual way. The 
hydrochloride, which forms dense prismatic crystals, was used for the 
preparation of the diazoamido-eompound. On mixing the solutions 
of paranitrodiazobenzene chloride and ethylbromaniline hydrochloride, 
an orange resinous substance slowly separates out on the addition of 
sodium acetate. After two crystallisations from alcohol, the pure 
compound was obtained in the form of glistening orange needles 
melting at 139—140°. 

, 0*0624 gram gave 8*4 c.c, moist H at 12° C. and 767*6 mm. bar. 


0*2683 „ 0*1442 gram AgBr. 

Calculated for 

(p)N0 2 -C 6 H 4 -N 2 -N(C 2 H 5 ) •C 6 H 4 -Br(jp). Found. 

hT. 16*04 16*14 

Br.. 2*2*92 22*82 


Decomposition by Hydrochloric Acid. —0*3164 gram, allowed to stand 
under 10 c.c, strong acid for about four hours at the ordinary tempe¬ 
rature, passed completely into solution, and gave 0*2380 gram azo- 
naphthol-compound, corresponding to about 7*5 per cent. The azo- 
naphthol, after one crystallisation from glacial acetic acid, had the 
melting point of paranitrobenzeneazo-/?-naphthol (249°), indicating 
the normal decomposition— 

(p)K0^C 6 HAN(C 2 H 6 )-C s H 4 *Br(p) + HOI = 

(^)hr0 2 *C 6 H 4 -N 2 *Cl + (p)BrC 6 H 4 OT*0 2 H 6 . 

% Action of Diazotised DarabromaniUne on Ethylparaniir aniline .— 
Precisely the same difficulty was experienced in bringing about 
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this combination as in the case of the correspondong' methyl-deriva¬ 
tive. ISTo combination takes place in aqueous solutions, and the ethyl 
nitraniline was dissolved in alcohol, and the diazo-chloride solution, 
added as before. The orange crystalline precipitate, which forms 
under these conditions, consists chiefly of unaltered ethylnitraniline, 
and contains only a small quantity of the diazoamide sought for. 
After the precipitate had been collected and washed with water, it 
was dissolved in alcohol and allowed to crystallise, this operation 
being repeated till the melting point was constant. Analysis at this 
stage showed that the substance was still slightly impure (found 
15*92 per cent. H and 22*21 per cent. Br), so that the substance was 
recrystallised from a mixture of benzene and petroleum, and then 
formed stumpy, yellowish-orange needles melting at 124—125°. 

0*1806 gram gave 0*0978 gram AgBr. 

Calculated for 

(j>)Rr-C G H 4 ‘3Sy N (C 2 H 5 ) -C^NO* (jp). Found. 

Br.. 22*92 26*04 

Decomposition by Hydrochloric Acid, —0*2890 gram in 9 c.c. strong acid 
for two hours at the ordinary temperature left 0*0266 gram unaltered 
substance, and gave 0*2420 gram azonaphthol-compound, corresponding 
to 92*22 per cent. Theory requires 93*7 per cent. The azouaphthol 
once crystallised from glacial acetic acid had a melting point of 
168—170°, and proved to be parabromobenzeneazo-/Anaphthol, indi¬ 
cating the normal decomposition— 

(p)Br*G 6 H 4 *M(C 2 H5)*0aH 4 *3ST0 2 (p) + HOI = ; 

(p)BrC 6 H 4 'N 2 *01 + (p)A T 0 3 *C 6 H 4 ^B:*C 3 H 5 . 

3. Ethylation of Par an itroparab romodiazoamidob enzene .—Instead of 
attempting to isolate the nitrobromodiazoamicle in a state of purity, 
the crude product was dried, and at once ethylated in the usual way. 
After three crystallisations from alcohol, it was obtained pure in the 
form of microscopic orange needles melting somewhat sharply at 
115—116°. 

0*1324 gram gave 17*8 c.c. moist 1ST at 12° C. and 758*9 mm. bar. 


0T843 „ 0*0987 gram AgBr. 

Calculated for 

(jp)N0 3 -C s H 4 *N 3 (C 2 H 5 pC 6 H 4 *Br(p). Found. 

N. 16*04 15*93 

Br . 22*92 22*79 


Decomposition by Hydrochloric Acid .—In accordance with its com¬ 
parative sharpness of melting point, this modification was found to be 
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somewhat more stable under the influence o£ the acid. 0*3628 gram 
under 10 c.c. of strong acid, had left a considerable residue after four 
hours at ordinary temperature, so the contents of the beaker were 
heated to 30° for a few minutes, and the decomposition then taken as 
complete. The residue weighed 0*0170 gram, and the azonaphthol 
0*3120 gram, corresponding to 90'22 per cent.. The latter in the 
crude state had a melting point ranging from 153° to 192°, and thus 
proved to be a mixture. By crystallisation from glacial acetic acid, 
parahitrobenzeneazo-/3-naphthol (m.p. 249°) was isolated and identi¬ 
fied. If the decomposition took place quantitatively, according to the 
equation— 

2(p)N0 2 -aH4-hr 3 (C 2 H 5 )*C 6 HpBr(p) + 2HC1 = 
(p)NO 3 *C 6 Hphr 2 *01 + Br*CcHpF 2 -GT + (p)K0 2 -C 6 H 4 *bTH*C 2 H 5 + 
(p)Br-C e H 4 -NH-C 2 H 5 , 


100 parts of the diazoamide should yield 88*8 parts of the mixed 
azonaphthols containing 12*9 per cent, of bromine. Analysis of the 
mixed azonaphthols obtained gave the following results:— 

0*2499 gram gave 0*0871 gram AgBr = 14*83 per cent. Br. 

This corresponds to a mixture having the following percentage 
composition:— 

(p)Br*C 6 Hphr 2 -C 10 H G -OH(^). 60*62 

(p)hrO s *C 6 H 4 *N 3 *Oi 0 H 6 ’OH((3) .... 39*38 (by difference). 

Calculated for equal molecules the result is— 

(jp) BrO.H4-N a -C w He-OH(/J). 52*74 

(p)N0 3 -C 6 H 4 «]SVC 1 oH 6 -OH(/l). 47 26 

In this case also, it appears, therefore, that an excess of parabromo- 
diazobenzene chloride is formed on decomposition. 

III. The Triplet from Metanitraniline and Parabromaniline 
CONTAINING METHYL. 

1. Action of Diazotised Metanitraniline on Mefhylparabromanilim *— 
On mixing the solutions of metanitrodiazobenzene chloride and methyl- 
bromaniline oxalate dissolved in water containing enough sodium 
acetate to decompose the liberated hydrogen chloride, an ochreous crys¬ 
talline precipitate at once begins to separate. After being allowed 
to stand for some hours in the cold, the precipitate was collected, 
washed with water, and purified by crystallisation from alcohol. 
After four crystallisations, the pure compound was obtained in the 
form of small, ochreous needles melting sharply at 144°. 

' 'VOL. LV. ’ 2H 
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0*0801 gram gave 11*5 c.c. moist NT at 13*5° C. aril 741*5 rain. "bar. 


0*0954 „ 13*4 „ „ 10° „ 751*6 

0*1130 , 5 0*0641 gram. AgBr. 

Found. 

Calculated for ,-'■-^ 

(^jNO.yC^-NA-NcC^-CoH^BK^). I. II. 

IT . 16*72 16*50 16*62 

Br. 23*88 24*14 — 


Decomposition by Hydrochloric Acid. —0*2106 gram, in 7 c.c. strong 
acid for 20 hours at the ordinary temperature, dissolved with the 
exception of 0*02 gram and gave 0*1658 gram azonaphthol. The 
latter when crude had a m. p. of 191—191*5°, and after one crystalli¬ 
sation from glacial acetic acid was identified as metanitrobenzenazo- 
3-naphthol (m. p. 193—194°). The decomposition hy acid thus takes 
place normally as shown in the equation— 

(«0^O 3 *C«H 4 *lsV]Sr(CH3)*C B H 4 *Br( 1 7) + HOI = 

(m)H0 3 *C 6 H 4 *H 2 *Cl + (p)Br*C 6 H 4 *HH*CH 3 . 

The yield of azonaphthol, according to this equation, should be 
87*4 per cent. The quantity obtained corresponds to 86*98 per 
cent. 

2. Action of Diazotised Parahromanilme on Metliijlmetmilraniline .— 
The methylnitraniliue was dissolved in a sufficient quantity of dilute 
hydrochloric acid to keep it in solution in the cold, and the solution of 
the diazo-chloride added in the usual way. A yellow precipitate at 
once forms, and after being allowed to stand for some hours the 
substance was collected, washed, and crystallised from, alcohol. Two 
crystallisations sufficed to render the compound pure in the form of 
long, slender, yellow needles melting sharply at 160*5—161°. 

0*0940 gram gave 13*1 c.c. FT at 11*5° C. at 766 mm. bar. 


0*1439 „ 0*0836 gram AgBr. 

Calculated for 

(i>)Br-C 6 H 4 -N 2 -N(CH 3 )*C 6 H 4 .N0 2 (w). Found. 

N.. 16-72 1671 

Br. ;23*88 ' 23*89 


Decomposition by Hydrochloric Acid, —0*3411 gram, under 10 c.c. 
strong acid at the ordinary temperature for 18 hours, dissolved with 
the exception of 0*0036 gram, and gave 0*3358 gram azonaphthol, 
corresponding to 99*5 per cent. The theoretical yield is 97*6 per 
cent. The azonaphthol when crude had a m. p. of 167—170*5°, and 
was identified, after crystallisation, as pure parabromobenzeneazo-/?- 
naphthol.. 







ALKYL-DERIVATIVES OF MIXED DIAZOAMXDO-CGMPOtJNDS. 427 


This diazoamide is therefore decomposed normally by the acid— 

(jp)Bi“OA-N,-N(CHa)-O.H 1 -NO a (m) + HOI = 

(p)BrC 6 H 4 *hr 2 *CI + (m)H0 2 *C 6 H 4 “hTH-GH 3 . 

3. Methyl at ion of Metcinitroparabromodiazoamidobenzene. —The coin- 
pound for methylation was prepared by allowing a solution of meta- 
nitrodiazobenzene chloride to drop with constant stirring into an 
emulsion of bromaniline in sodium acetate solution. The product, 
after being collected, washed, and dried, was methylated by heating 
with potassium hydroxide and methyl iodide in the usual way. The 
reaction sets in at once, and the mixture solidified to a pulp of crystals 
in a few minutes ; the methylation was completed by cohobating for 
half an hour. The product was collected, washed with water, and 
twice crystallised from alcohol. It then forms slender, yellow needles 
melting vaguely from 125—137*5°. 

0*1001 gram gave 14*1 c.c. moist H at 14° C. and 758 mm. bar. 


0*1678 „ 0*0942 gram AgBr. 

Calculated for 

(m) X 0 2 * C 6 H 4 *X 3 ( CH 3 ) • C G H 4 r (jp). Found. 

N . 16*72 16*54 

Br.. 23*88 23*89 


Decomposition by Hydrochloric Acid. —0*2664 gram, under 10 c.c, 
strong acid for six hours, dissolved completely at ordinary atmospheric 
temperature, and gave 0*2438 gram azonaphthol, corresponding to 
91*5 per cent. The azonaphthol proved, as was anticipated, to be a 
mixture indicating the decomposition to be— 

2(m)H0 2 -C 6 H i *H 3 (CH 3 )*C 8 HpBr(^) + 2HC1 = 

(w)HOyC 6 HpN 2 *Cl + (p) BrO e H 4 -H s *Cl + ( p) Br* C 6 Hy HH* C H 3 
+ (w)H0 3 *0 6 H,*HH*0H 3 . 

According to this equation, a yield of 92*5 per cent, of the mixed 
azonaphthols containing 12*9 per cent, of Br should have been 
obtained. Our mixed product gave the following result:— 

0*2048 gram gave 0*0692 gram AgBr = 14*37 per cent. Br. 

This corresponds to— 

(p)Br*OeH 4 *Hy0 1 oHyOH(y8). 58*79 

(w)NO 3 *GfiH 4 *HyO 10 He*OH(/J) ... 41*21 (by difference). 


Calculated for equal molecules:— 

(p)BrC 6 H4-H 2 -C 1 oH,-OHO) . 52*74 

(m)HO 2 *C 6 HyH 2 *G 10 H 6 -OH(/3)........ 47*26 

2 fi 2 
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IV. The Triplet from Metanitbanjline and Paeabeo maxi line 
containing Ethyl. 

1 . Action of Dia-zotised Metanitraniline cm JEthyIparabromanil 1 ne .—* 
Hetamfcranilme was diazofcised in tlie usual way, and the solution 
mixed with a solution containing the necessary quantity of etliyl- 
bro in aniline hydrochloride. An ochreons viscid resin separated, and 
this on standing solidified to a brittle mass which was dissolved in 
alcohol and allowed to crystallise. After two crystallisations, the 
compound was obtained pure in the form of flat, ochreons bundles of 
needles nearly an inch in length and having a sharp melting point of 
111 0 . 

6*1054 gram gave 14*5 c.c. moist N" at 10° C. and 744 mm. bar. 


0-2201 „ 0*1171 gram AgBr. 

Calculated for 

O) N<VC 6 Bb AYN (CoH 5 )-C 6 H 4 *Br ( p). Found. 

•ST. 16*04 16*11 

Br. 22*92 22*64 


Decomposition by Hydrochloric Acid. —0*3034 gram under 10 c.c. 
strong acid dissolved in three hours at the ox*dinary temperature, 
leaving 0*0125 gram residue, and gave 0*2354 gram azonaphfho], cor¬ 
responding to 83*8 per cent. The azonaphthol was identified as pure 
metanitrobenzeneazo-/l-naphthol (m. p. 194°), showing that the 
decomposition by acid takes place normally according to the 
equation— 

(m)KOyC fi H 4 ^VN(C 2 H 5 )^C 6 H 4 *BrCp) + HOI = 

(m)NOa-C 6 H 4 -H a -01 + (p)Bx*'C 6 Hi*]Srii*C 2 H 5 , 

# ^ ie above equation requires a yield of 83*9 per cent, of meta- 
nitro'benzeneazo-j3-naphthol, so that the resolution is strictly quan¬ 
titative. 

2. Action oj Diazotised Dctrabromanilive on Dthylmeianitranilin o,— 
The solution o! the diazo-cliloride was mixed with the solution of 
etbylnitraniline in dilute hydrochloric acid and sodium acetate added 
to the mixture. An ochreons precipitate slowly separated, and after 
being allowed to stand in the cold for 18 hours this was collected, 
washed with water, and crystallised from alcohol. After three crys¬ 
tallisations, the pure substance was obtained in the form of glistening 
yellow needles melting at 135—136°. 

0 1605 gram gave 20-9 c.c. moist N at 8° C. and 764-4 mm. bar. 

0'223l „ 0-1207 gram AgBr. 
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Calculated for 

(jo)Br«C 6 K 4 «N.vN(C 3 H 5 )-C c H 4 -]Sr0 2 (^}. Pound. 


H .... .. 16*04 15*94 

Br... 22*92 23*02 


Decomposition by Hydrochloric Acid .—0*3040 gram, under 10 c.c. of 
strong acid for 18 hours at the ordinary temperature, dissolved with 
the exception of 0*0016 gram, and gave 0*2804 gram azonaphthol, corre¬ 
sponding to 92*74 per cent. The latter had,, when crude, a melting 
point of 168—171°, and was identified as parabromohenzeneazo-/3- 
naphthol. The decomposition therefore takes place normally, accord¬ 
ing to the equation— 

(p)Br-C6HpN 2 ^(C 2 H 5 )-C 6 H 4 -K0 2 (m) + HC1 = 

(p)Br*CsH^CI + (m)N0 a -0«H4-N‘H-0JE s . 

According to the foregoing equation, the yield of azonaphthol 
should have been 93*7 per cent., so that the resolution by acid is 
practically quantitative. 

3. Ethylation of Metanitroparadmomodiazoamidobenzene. —The sub¬ 
stance used for ethylation was a portion of the same preparation as 
that employed for methylation, the process being carried out in the 
usual way with potassium hydroxide and ethyl iodide. After one 
crystallisation from alcohol, the substance was obtained in the form 
of microscopic ochreous needles melting at 96—117°. 

0*1290 gram gave 17 c.c. moist H at 11*5° (hand 764*6 mm. bar. 


0*1591 „ 0*0860 gram AgBr. 

Calculated for 

(m)N0 2 -C 6 H^N 3 (C 2 H 6 ) •C & H 4 :Br( ? ). Found. 

N . 16 04 , 15-78 

Br. 22-92 23-00 


In order to test the individuality of this compound, it was again 
crystallised from a large volume of alcohol and the bromine 
determined. The melting point, so far as could be judged, consider¬ 
ing its vagueness, bad not materially altered:— 

0*1587 gram gave 0*0850 gram AgBr. 

Calculated. Found. 

Br.. 22-92 22'79 

Decomposition by Hydrochloric Acid. —0*2899 gram under 10 c.c. 
strong acid dissolved at the ordinary temperature in 2—3 hours, with 
the exception of 0*0038 gram, and gave 0‘2600 gram azonaphthol, 
corresponding to 90*87 per cent. 








430 MELDOLA AND STREATFEILD: ISOMERISM OF THE 

The azonaphtbol when crude had a melting point 145—155° and, 
as usual, proved to be a mixture : 

0*2234 gram gave 0*0792 gram AgBr = 15*08 per cent. Br. 

The decomposition by acid, according to the following equation, 
requires a yield of 88*8 per cent, of mixed azonaphthols :— 

2(m)KOrC 6 H 4 -N-3(Cn 3 )-C e H 4 -Br(^) + 2HC1 = 

(»0N'O 3 -C«HrN 3 -Ol + (jp)BrOA-N 1 -Cl + 
(m)l\ T 0 2 *CaH 4 *NH-C 2 H5 + (p)BrO e H 4 -NH-O a H5. 

The mixed azonaphthols, if present in equal molecules, should 
contain 12*9 per cent. Br. 

Calculated for equal molecules— 

(m)NTO a -CoH**N a -0 10 HB-OH()9).. *. 52*74 

( i ?)Bi-C 6 H i *K./C 10 H 6 -OH(/3) ..... 47*26 

Found-r- 

(w)WO*-O.HrN > -CioH 8 -OH(/9).... 38*35 (by difference). 

(jp)Br-G e H*-N,-C 10 H.-OHO8). 61*65 

In this decomposition, it would appear therefore that an excess of 
parabromodiazobenzene chloride is produced. The significance of 
these quantitative decompositions will he discussed subsequently. 

The compounds now described all contain the NO a group in one of 
the aromatic nuclei, and our next experiments were directed towards 
the preparation of triplets of isomerides not containing this group. 
Our study of-the dinitro- and nitro-bromodiazoaxnides revealed some 
general principles which have been made the basis of further work, 
and which have enabled us to achieve the long desired end of obtain¬ 
ing triplets of alkyl-derivatives not containing the group in question, 
and solid at ordinary temperatures (see Trans., 1888, 665). It 
will be seen from the foregoing results that the effect of introducing 
an alkyl radicle into a diazoamide is to lower the melting point, and 
in all the cases studied the methyl-derivative had a considerably 
higher melting point than the ethyl-derivative. These facts are 
shown in the accompanying table (p. 431), summarising our results 
with the nitramlines and bromaniline. 

It will be seen from these results that in order to obtain alkyl- 
diazoamides solid at ordinary temperatures, it is in the first place 
essential to start from an unalkylated compound having a high 
melting point, and in the next place it is evident that the chances of 
ihe alkyl-derivative fulfilling the required conditions are greater the 
lower the molecular weight of the radicle introduced. It is the 
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Diazoamido- compound. 

Unalkylated 

compound. 

Methyl-deriva¬ 

tive. 

j 

Ethyl- 

derivative. 

I. Fromp-nitraniline andp-brom- 
aniline. 

175—181° 

150 *5—151 *5° 

115—116~ 

II. Diazotised p-nitramline on 
alkyl -p -brom aniline ...... 


151—151 *5° 

139—140 

III. Diazotised p-bromaniline on 
alkyl-p-nifcraniline. 


i 163—164° 

i 

j 124—125 

I. From w-mfcraniline and p- 
bromaniline. 

155°* 

125—137* 5 y 

96—117" 

II. Diazotised m-nitraniline on 
alkyl-p-bromaniline ...... 

— 

! 144° 

nr 

III. Diazotised p-bromaniline on 
alkyl-wi-nitraniline .. 

• — 

160*5— 161 c 

135—136° 


non-compliance with these conditions which has led previous experi¬ 
menters to the preparation of alkyl-diazoamides which have been oily 
at ordinary temperatures, and which have therefore baffled close 
invesLigation. It will be of interest here to give one of our earlier 
attempts to prepare a triplet Laving the required properties. 

The mixed diazoamide produced by acting with diazotised para- 
chloraniline on paratoluidine, or vice versa , has a melting point of 
129° (Heumann and Oeconomides, Ber^ 1887, 909), and therefore- 
seemed a promising compound for our purpose. Some of the substance 
was prepared and ethylated, and the product found to be an oil which 
would not solidify. The oil was therefore decomposed by cold hydro¬ 
chloric acid in the usual way, aud the acid solution gradually poured 
into a well-cooled alkaline solution of /d-naphthoh The azonaphthol 
precipitate was collected, washed with alkali, acid, and water succes¬ 
sively, and dried. The melting point of the crude substance was 
145—152°, and after four crystallisations from, alcohol, pure para- 
chlorobenzeneazo-/^-naphthol (m, p. 162*5°, Trans., 1888, 676) was 
isolated from it. The oil was thus proved to be the ethyl-derivative 
(p)Ch 06 H 4 , hr 3 (C 2 H 5 ) , G 6 H 4 ’GH 3 (p), and its products of decomposition 
the usual mixture of diazo-chlorides and bases. Another isomerida 
was then prepared by acting with diazotised paratoluidine on ethyl- 
parachloraniline, and this also proved to be an oil. 

The introduction of ethyl into the diazoamide from parachloraniline 

# This is the melting point given by Goldschmidt for the substance crystallised 
from benzene (Ber., 1888, 2575). 
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and paratohiidine therefore depresses the melting point to such an 
extent, that the product is oily at ordinary temperatures, and as two 
of the three isornerides were thus shown to be oils, the triplet was 
not further investigated. The corresponding series containing methyl 
will be described subsequently. 

V. The Triplet from Parabromaniline and Paratoluidine con¬ 
taining Methyl. 

1. Action of Diazotised Parabromaniline on MethyIpcvratoluidinc .— 
The secondary amine was employed in the form of the oxalate and 
the diazo-chloride solution mixed in as usual. On adding sodium 
acetate, an ochreous precipitate gradually separated, and after standing 
for about 24 hours this was collected, washed with cold water, and 
twice crystallised from alcohol. The pure substance forms small 
ochreous scales melting at 113—114.° 

0*1853 gram gave 22 c.c. moist N at 15° C. and 760*3 mm. bar. 


0*3056 0*1880 gram AgBr. 

Calculated for 

(^)Br‘C 6 H 4 ‘N 2 -N(CH 3 }-C 6 H 4 -CH 3 pp). Found. 

J\ T .. 13*81 13*91 

Br. 26*31 26*18 


Decomposition by Hydrochloric Acid .—This compound is very readily 
decomposed by cold strong acid, dissolving completely in the course 
of a few minutes, and beginning to evolve nitrogen if allowed to 
stand long after it has completely dissolved. The quantitative results 
with strong acid always came out much too low, owing to the reaction 
going too far and the consequent formation of phenolic products. 
The decomposition of this and of the isomeric compounds was there¬ 
fore effected by means of a mixture consisting of 5 parts (by volume) 
of strong acid diluted with 3 parts of water. 0*3258 gram in about 
8 c.c. of dilute acid dissolved completely in about one hour and gave 
0*3278 gram azonaphthol, corresponding to 100*6 per cent. The cal¬ 
culated yield is 107*5 per cent. The azonaphthol had when crude a 
melting point of 168°, which was not materially changed by crystal¬ 
lisation from alcohol, and was identified as parabromobenzeneazo-/3- 
naphthol, 

0*0844 gram crude substance gave 0*0478 gram AgBr. 

Calculated for 

Br*C 6 H 4 * jN 2 *C 10 H 6 *OH. Found. 

Br.... 24*46 24*10 

# We are indebted to Br. A. Weinberg of the Frankfurter Anilinfarbenfabrik, 
Cans and Co., for kindly preparing a supply of the pure base for our investigation. 
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The decomposition accordingly takes place normally in accordance 
with the equation— 

(p)BrOeH4*N 2 -N(OH,)-OaH4-OH3(i}) 4- HOI = 

( p) Br • OeHi’lSTo* 01 + (/;C 7 H 7 dN T H*CH 3 . 

2. Action of Diazotised Paratoluidine on Methy Ipara bromanitine .— 
The solution of paradiazotoluene chloride was mixed with the neces¬ 
sary quantity of methylparabromaniline oxalate dissolved in cold 
water, and sodium acetate dissolved in the mixed solutions. After 
being allowed to stand for 12 hours, the ochreous precipitate was 
collected, washed with cold water, and twice crystallised from 
alcohol. The pure substance forms splendid crystalline scales of con¬ 
siderable size, which glisten in the solution with prismatic colours. 
Under the microscope, the alcoholic solution when allowed to evapo¬ 
rate in a watch-glass is seen to deposit square transparent tablets. 
The appearance of the dry substance is very similar to that of sub¬ 
limed naphthalene, only the crystals instead of being white are slightly 
ochreous in colour. The melting point is 99—99*5°. 

0*2510 gram gave 30 c.c. nioist 1ST at 15° C. and 758*5 mm. bar. 


0*1719 „ 0*1072 gram AgBr. 

Calculated for 

( p)C 7 H 7 .N 2 *X (Cfi 3 ) •C 6 H 4 -Br( p). Found. 

N. 13*81 13*94 

Br. 26*31 26*54 


Decomposition by Hydrochloric Acid. —0*3202 gram dissolved com¬ 
pletely in 8 c.c. dilute acid (5 : 3) in one hour at the ordinary tempe¬ 
rature, and gave 0*2692 gram azonaphthol, corresponding to 84*1 per 
cent. The calculated yield is 86*2 per cent. The azonaphthol was 
tested for bromine, and found to contain none; the melting point of 
the crude substance was 132—133°, and after one crystallisation from 
alcohol 134°, that is, paratolueneazo-y3-naphthol. The decomposition 
is therefore normal:— 

(p)C 7 H 7 -]SVN(CH 3 )*C 6 HYBr(j7) + HC1 = 

.. (j P )0 7 H^N,-C1 + (*)BrCeHrNH-CH 8 . 

3. Meilnjlation of Parabromoben zen ediazoamidop am to luene. —The 
diazoamide was prepared by gradually mixing a solution of diazotised 
paratoluidine with the necessary quantity of parabromaniline emul¬ 
sified in a solution of sodium acetate. After being allowed to stand 
for some hours, the ochreous precipitate was collected, washed with 
cold water, then with dilute alcohol, and allowed to dry in the air. 
During the course of our experiments, a description of this mixed 
diazoamide appeared from another investigator (Goldschmidt, Per 
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1SS3, 2538, m. p., crystallised from benzene, 126°), so the compound 
was not further studied, but was at once methylated in the usual' 
war. The methyl-derivative, after three crystallisations from alcohol, 
the last with the addition of animal charcoal, was obtained in the 
form of large ochreons scales, exactly resembling the preceding 
isomeride in appearance, and melting at 97—97*5.° 

0*2206 gram gave 25*4 c.c. moist 1ST at 13° C. and 765 mm. bar. 


0T560 „ 0*0973 gram AgBr. 

Calculated for 

(p)Br-C 6 H 4 -N 3 (CH 3 ).C 7 H 7 (p). Found. 

h r .... 13 81 13*69 

Br. 26-31 26-54 


Decomposition of Hydrochloric Acid. —The close resemblance, both 
in crystalline form and melting point, between this and the preceding 
modification, led us at first to believe that the two compounds were 
identical, and that the isomerism had in this case broken down. A 
study of the decomposition by hydrochloric acid, however, soon 
showed that i he compounds, in spite of their similarity, were really 
isomeric. A specimen was decomposed by dilute acid in the usual 
way, and the azonaphthol submitted to a careful examination. 

0*2558 gram gave 0*0783 gram AgBr = 13*02 per cent. Br. 

The decomposition was not made quantitative in this case, owing 
to the small quantity of material at our disposal, but this is of no 
consequence to the present result. The azonaphthol was evidently a 
mixture melting when crude at 138—150°, and furnishing after three 
crystallisations from alcohol pure parabroraobenzeneazof-yS-naphthol 
(m. p. 168—170°.) The decomposition of the methylated diazoamide 
accordingly takes place as follows ;— 

2(p)BrC 6 H 4 -N ;i (CH 3 )*C 7 H 7 (p) + 2H01 = (p)BrO,H 4 «N./Cl + 

(p)G\H 7 6NV01 + (p)BmCoHphrH-CJEf 3 + (p)C 7 H 7 *hTH*CH a . 

According to this equation, the azonaphthol should consist of mole¬ 
cular proportions of parabrom obenzeneazo - ft- naph thol and para- 
tolueneazo-/3-napbtbol, this mixture containing 13*6 per cent, of Br 
(13*0'2 per cent, found), and having the following percentage com¬ 
position :— 

(p)BrC 6 HrKyC 1 .H 6 *OH(/l).. 55*5 

( t p)OH.-OeH 4 -Na-0 1 oH,-OH(i5) ........ 44*5 

Tile percentage of bromine found corresponds to a mixture of the 
composition*— 

(p)Br*C 6 H 4 *jSr 2 «C 10 H 6 *OH(/?)......' 53*2 

\(/CioHe'OH(/I) - 46*8 (by difference). 
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It is seen from this result that tlie decomposition fairly corresponds 
with the formation of equal molecules of the two diazo-chlorides as 
required hy the equation. It is of particular interest also to note how 
easily the isomerism might have been overlooked in this case, unless 
we had been previously prepared to look for it by the investigation 
of the nitrobromodiazoamides. 


P aradibrom odiazoamidobenzene and its Methyl-derivative. 

Amongst the normal diazoamides prepared in the course of the 
present investigation, the above, which was first described by Griess 
(Annalen, 121, 273, and Phil. Trans., 1864, Part III, 669), was 
methylated in order to obtain a supply of methylbromaniline, and the 
opportunity was utilised for the farther study of this alkyl-derivative. 
The original compound was found to agree in all respects with that 
prepared by Griess. A specimen crystallised from a mixture of 
petroleum and benzene formed pale-yellow needles, melting with 
decomposition at 146°. It is insoluble in aqueous alkalis, bub 
dissolves readily in alcoholic potash or soda, with a brown colour. 

0-1670 gram gave 0T774 gram AgBr. 

Calculated for 

(^)Br-0 6 E4-N a H-C c H4-Br(jp). Found. 

Br. 45*07 45*2G 

The methyl-derivative, prepared in the usual way, after crystalli¬ 

sation from alcohol and finally from a mixture of petroleum and 
benzene, forms fiat, whitish needles, melting at 100—100’5°. 

0*1482 gram gave 0*1512 gram AgBr. 

Calculated for 

(|>)Br*C r) E 4 «]S T 3 (CH 3 )-C a II 4 *Br(p). Found. 

Br.43*36 43*41 

The foregoing methyl-derivative was decomposed by heating with 
strong hydrochloric acid until nitrogen ceased to be given off. The 
acid liquor on dilution and distillation with a current of steam furnished 
a white, crystalline substance which, after crystallisation from alcohol, 
formed white scales melting at 67—68°, and therefore proved to be 
paraehlorobromobenzene (Korner, Gaz., 4 (1874), 342). The solu¬ 
tion, after filtration to remove a resinous impurity, contained the 
required methylparabromaniline, so that the methyldiazoamide is 
decomposed by hot acid according to the equation— 

(p)Br-0 6 H 4 ^ 3 (CH 3 )*0 6 H 4 *Br(jp) + HOI = 

( 3 ?)Br-C 6 H 4 -Cl(p) + + (p) BrOA-NH-OH,. 
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YI. The Triplet from Parachloranilixe and Paratoluidixe cox- 
tat hi nr Methyl. 

1. Action of Diazoiised Parachloraniline on Methylparatoluidine .— 
The solution of the diazo-chloride was mixed with the solution of the 
oxalate of the secondary amine and sodium acetate added. An ochre oils 
crystalline precipitate separated on standing, and this, after "being 
collected, washed with water, and crystallised three or four times 
from alcohol, -was obtained in the form of oehreons scales melting at 
99*5—100°. 

0*1387 gram gave 19*3 c.c. moist N at 15° C. and 764*4 mm. bar. 


0*1569 „ 0*0886 gram AgCL 

Calculated for 

{p)Cl-C 6 H 4 *]SV]!s T (OH 3 )-C 7 H 7 (p). Found. 

FT... 16*19 16*39 

Cl... 13:68 13*96 


Decomposition by Hydrochloric Acid .—0*3056 gram, allowed to stand 
for 10 minutes under 8 c.c. dilute acid (2 parts strong acid to 1 of 
water), dissolved completely at the ordinary temperature, and gave on 
precipitation 0*3250 gram azonaphthol. 

The latter had, when crude, a melting point of 161°, and after one 
crystallisation from alcohol was identified as parachlorobenzeneazo- 
/9-naphthol (m. p. 162*5°, Trans., 1888, 676). The quantity of 
azonaphthol obtained corresponds to 106*3 per cent. The decompo¬ 
sition therefore takes place normally, according to the equation— 

(^ChC^HpiSro^CHO-aH^p) 4- HC1 = 

(j>)CH 3 6 H*-1T.-01 4- (p)C 7 H 7 dra*CH 3 . 

The above equation" requires a yield of 108*8 per cent, of para- 
chlorobenzeneazo-/3-naphtlioL 

2. Action of Diazotised Paratoluidine on Me thy l paracMo ran Hina A — 
On mixing the solutions in the usual way and adding excess of 
sodium acetate, an ochreous precipitate slowly separated. After being 
collected, -washed, and crystallised two or three times from alcohol, 
the pure compound was obtained in the form of long stra*w-coloured 
needles melting at 91—92°. 

0*1110 gram gave 15*3 c.c. moist FT at 14*5° G. and 758*4 mm. bar. 

0*1254 „ 0*0705 gram AgCl. 

# Prepared by decomposing methylated p-dichlorodiazoamidobenzene with hydro¬ 
chloric acid. The methyl-diazoamide forms ochreous scales, melting at 74°. The 
corresponding ethyl-derivative melts at 85*5° (Trans,, 1888, 671). 
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Calculated for 

( p) C 7 H--N 2 -N (CH S ) * C 6 H 4 -C1 ( f ). Found. 


X.... 1619 1613 

Cl . 13-68 13-88 


Decomposition by Hydrochloric Acid. —0*3205 gram under 8 c.c. 
dilute acid (2 parts strong acid to 1 of water) dissolved completely in 
10 minutes', and gave on precipitation 0*3170 gram azonaphthol, 
corresponding to 98*9 per cent. The latter had, when crude, a melt¬ 
ing point of 133°, and after crystallisation from alcohol was identified 
as paratolueneazo-/3-naphthol (m. p. 134*5°). The decomposition is 
therefore normal:— 

(j 5 )C 7 H 7 *X 3 -X(CH 3 )-C 6 HpCl(p) + HC1 = 

<>)C 7 H 7 ‘X a -Cl -h (j})Cl-C 6 H*-NH*CH 8 . 

According to this equation, the yield of paratolueneazo-/3-naphthol 
should have been 100*96 per cent-. 

3. Methylaticn of ParacJilorobezenedmzoamidoparatohtene. —The 
usual difficulties were experienced, and several preparations of the 
mixed diazoamide were made before a perfectly pure methyl-deriva¬ 
tive was obtained. Good results were given by a preparation made 
by pouring a solution of diazotised parachloraniline (1 mol.) into an 
alcoholic solution of paratoluidine (2 mols.). The product, which 
separates as an ochreous crystalline deposit, was collected, drained, 
and dried, and then at once methylated by heating gently with 
potassium hydroxide and methyl iodide in alcoholic solution in the 
usual way. Methylaiion takes place very readily if the solution is 
concentrated, the contents of the flask solidifying in a few minutes 
to a crystalline pulp. The product, after being collected and washed 
with water, was pnrified by two or three crystallisations from alcohol, 
and then formed large ochreous scales melting at 80—82°. 

0*1397 gram gave 19*3 c.c. moist X at 13*5° and 758*2 mm, bar. 


0*2008 „ 0*1093 gram AgCl. 

Calculated for 

(p)Cl*C c H 4 *X 3 (CH 3 ) -C 7 H 7 (A). Found. 

X.,.,.. . 16*19 16*24 

Cl.... 13*68 13*47 


Another preparation was made by reversing the order of mixing. 
Paratoluidine was diazotised in the usual way, and a small excess of 
the base added in order to ensure the absence of any trace of free 
nitrous acid. The solution of the diazo-chloride was then gradually 
poured with constant stirring into the necessary quantity of para¬ 
chloraniline suspended as an emulsion in a solution of sodium acetate. 
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After being allowed to stand for some hours in the cold, the product 
was collected, washed, drained, and dried, and methylated in the 
usual way. The methyl-derivative after two crystallisations from 
alcohol proved to be quite pure and was identical in all respects with 
the preceding preparation, thus furnishing another instance in support 
of Griess's discovery that mixed diazoamides are identical in which¬ 
ever order the two amines are diazotised and combined. The analysis 
of this preparation is given below :— 

0T270 gram gave 18*4 c.c. moist 1ST at 20*5° and 760 mm. bar. 


0*1695 „ 0*0928 gram AgCl. 

Calculated. Pound. 

N. 16*19 1643 

CL *.. 13*68 13*54 


Decomposition by Hydrochloric Acicl.~~ 0*2983 gram in 10 c.c. dilute 
acid (2 of strong acid to 1 of water) dissolved completely in 15 
minutes, and gave on precipitation 0*320 gram azonaphthol, corre¬ 
sponding to 107*3 per cent. Theory (for molecular proportions) re¬ 
quires 104*9 per cent. The azonaphthol proved as usual to he a mixture 
having in the crude state a melting point 135—145°, 

0*2666 gram gave 0*0787 gram AgCl = 7*30 per cent. Ch 

The amount of chlorine found corresponds to a mixture of the 


following percentage composition:— 

( p) Ol-OeHi-STa-OioHe-OH^). 58*09 

(p)CHyC ti H i -ISrvG 1 oH 6 *OH( / 3).... 41*91 (by difference). 

Calculated for equal molecules the results are:— 

( p) Cl*C 6 H,*hTvC 10 H 6 -OH(/l). 51*88 

{p) CH 3 *C 6 H 4 *jSVO 10 H 6 -OH(^) .... 48*12 


A mixture of the above composition contains 6*52 per cent, of CL 

Discussion of the Results obtained by the Method of Quantitative 
Decomposition . 

By the action of hydrochloric acid on the diazoamides, these com¬ 
pounds are decomposed in the first place with the formation of the 
diazo-chloride and the amine or alkylamine, in accordance with the 
reactions given in the preceding portion of the paper. The quantita¬ 
tive results obtained by weighing the washed and dried azonaphthol 
compound, are on the whole sufficiently close approximations to the 
numbers indicated by theory to warrant the conclusion that the mole¬ 
cules break up in the manner indicated. In the case of the mixed 
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diazoamides, however, which, in all the cases inyestigatecl, give a 
mixture of two cliazo-chlorides and two amines, it is obviously a 
matter of great importance to ascertain the relative quantities of the 
two diazo-chlorides with the greatest possible accuracy, in order to 
settle the question whether one molecule of the mixed diazoamicle 
breaks up exactly into the 4 niols., as represented in the equation— 

2X-N 8 R'-Y + 2HC1 = X-HrOl + Y-XyCi + X*HHR' + Y*XHR/. 

The actual results deduced from the analyses of the mixed azo- 
uaphthols show, in nearly all cases, a slight excess of halogen over 
that required by equimolecular proportions of the two azonaphthols, 
as will be seen most clearly from the tabulated results:— 


Compound decomposed. 

Halogen p. c. calculated for. 

Halogen 

found. 

( y)jr0 2 -C 6 H 4 -^,(CH 3 ) ^•C a H 4 -Br(iO... 

(p)H0 2 *e 6 H 4 -%CiuH G *OHO) + 

( p) Br-C 6 H 4 * Ns* O 10 H 6 * OH (/9) 

Br = 12*9 

15*56 

0>) N0«- C 6 H4-K 3 (C s H s ) (y).. 

(^)KO. r G 6 H,-iVC lu ir 6 -OH(/3) + 
(p)B l -C G H 4 -IT 3 -C lll H 6 .OH(« 

Br = 12-9 

1*4 * S3 

(m)NO.,-C 6 H 4 -N 3 (CH 3 )-CoH 4 -Br(iB)... 

(m) IS! 0 2 *C 6 H 4 «% C 10 H 6 -OH ($) + 
(p}Br‘0 6 H 4 *X 3 -C 1() H 6 -0H(« * 

Br = 12*9 

14*38 

(m)iNO :I -C 5 H 4 -N 3 (C 2 H 5 )C 6 H 4 -Br(ij).. 

(m) 2TO a -CflH|-Na-C 10 H 0 -OH(ft + 
(jP) Br * C c H 4 * N 2 -C 10 H 6 * OH (ft) 

Br ■■= 12*9 

15*08 

( il )Bp-O 6 H 4 -N s (OHi0-C,H 4 .CH J (jp)... 

( P )Br-C 6 H 4 -IT 2 .0 I() H 6 -0H(/3) + 
(p) CH a 'C 6 H 4 -N 2 -C] ( |H 6 -OH(f3) 

Br = 13-6 

13 *02 

(rfci o 6 H 4 -N 3 (Cn ;) )-c 6 n 4 -CH 3 (j>)... 

(^)Cl-C 6 H 4 -N 2 -C 10 H a -OH((3) + 
(^)CH 3 -C 6 H 4 -S 2 -C 10 H 0 -OH® 

Cl = 6-52 

7 *30 


Considering that the method of determining the relative quantities 
of the different products of decomposition is necessarily only approxi¬ 
mative, we consider these numbers sufficiently close to those required 
by theory to warrant the conclusion that the decomposition results in 
the formation of the two diazo-chlorides in molecular proportion. 
The error being (with one exception) always cn the side of excess of 
halogen, it is evident, however, that for some reason, an excess of the 
halogen-containing diazo-salt tends to be produced, the haloid azo- 
p-naphthol coming out correspondingly high. We thought it 
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desirable at this stage of the work, therefore, to investigate the 
quantitative method itself, with the object of ascertaining whether 
the excess of halogen arose from the occurrence of some secondary 
reaction, a supposition which seemed highly probable in view of the 
well-known instability of tbe diazo-salts in solution. Taking the first 
of the mixed cliazoamides in the table as a typical compound, it will 
lie seen that the four products existing in the acid solution after the 
decomposition are—* 

0)NiO,*C 6 Hp^Cl (p)m* OoHrNTH-CH, 

(p)Br*C 6 H 4 *NyCl (p) Br-OeH^H-OHa. 

The best known secondary decompositions which might occur in 
such a mixture are the following:— 

(1.) Parauitrocliazobenzene chloride might become transformed into 
the corresponding nitrophenol, according* to the well-known decom¬ 
position :— 

myC 6 H 4 dSVCl + H*0 = 1 S t 0 2 -C 6 H 4 *0H + SCI 4- ST*. 

The nitrophenol would dissolve in the alkaline solution of /3-naphthol, 
and would thus be lost, giving at the same time a product containing 
an excess of bromazo-/3-naphthol, thus raising the percentage of 
bromine. Against this interpretation of the facts we may state that 
we have never been able to detect any nitrophenol in the alkaline 
filtrate, nor have we ever observed any evolution of nitrogen. It 
will be seen, moreover, that if any nitrophenol were formed there 
would be a deficiency in the total weight of the mixed azonaphthols, 
whereas we actually found an excess (calculated percentage 92*5; 
found 95), 

(2.) Paranitrochlorobenzene might be formed in accordance with 
the mode of decomposition described by us in a former paper (Trans,, 
1886, 829)— 

(jp)lSr Oa'CgHyUs* 01 _ (_p) bTO^CfillyOl + N* 

This nitrochlorobenzene being neither acid nor basic, might cling to 
the azonaphthols, and so raise the percentage of halogen. In order 
to see whether this explained the presence of the excess of halogen, 
the following experiment'was made:—1 gram of paranitraniline was 
diazotised in strong hydrochloric acid with a slight excess of sodium 
nitrite, and the solution allowed to stand at the ordinary temperature 
for about 18 hours. The solution was diluted with water, and filtered 
through a tared filter into an alkaline solution of £?-naphthol. The 
residue on the filter, when dry, weighed 0*0038 gram. The azonaphthol 
precipitate was collected, washed with water, then with dilute acid, 
and again with water, in precisely the same way as when doing a 
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quantitative decomposition by onr method. The dry precipitate 
•weighed 2*0644 grains, corresponding to 207*2 per cent. The theo¬ 
retical yield should have been 212*3 per cent. A chlorine determina¬ 
tion in the dried azonaphthol gave the following results :— 

1*1571 gram gave 0*0048 gram AgCl = 0*10 per cent. CL 

We conclude from this experiment that the amount of chlorine 
retained by the azonaphthol is far too small to account for the excess of 
halogen obtained in the quantitative decomposition of the nitrobromo- 
diazo amides. 

The two most feasible explanations having thus proved to be in¬ 
sufficient, we had reconrse to an experiment in which the compounds 
reacting in the acid solution were similar to those which might be 
supposed to react during the process of quantitative decomposition. 
For this purpose, we took 0*9661 gram of the compound produced by 
the action of diazofcised metanitraniline on methylparabromaniline, 
described in a former part of this paper, and allowed 15 c.c. of 
strong hydrochloric acid to act upon this quantity for about 48 hours, 
the beaker being kept cool by standing it in water. The operation 
was then completed in the usual way, and the dried azonaphthol 
examined for bromine :— 

0*1878 gram gave 0*0199 gram AgBr = 4*5 per cent. Br, 

If the decomposition had been arrested at the usual stage, that is,. 
as soon as the substance bad completely dissolved up in the acid, the 
azonaphthol should have been simply metanitrobenzeneazo-/3-naphthol, 
and should have contained no bromine. The presence of bromine 
appears, therefore, to indicate that some secondary reaction occurs, 
leading to the formation of bromobenzenediazo-chloride, and of the 
corresponding bromobenzeneazonaphthol. The most probable expla¬ 
nation which we can suggest is that the nitrodiazo-chloride causes 
a certain amount of displacement of the methyl-group :— 

!BrO a -C a H 4 -N 3 -Cl + BnCeH 4 *hTB>CH 3 + H*0 = 

K0 2 -C 8 H 4 ‘]Sr 2 -]XH^C 6 HYBr + CHyOH + HGL 

The mixed diazoamide then becoming converted by intramolecular 
transposition into the isomeric and more stable compound—* 

hT0 2 *C 6 H 4 -]SrH*hr 2 -0 6 H 4 *Br. 

The latter again becoming resolved by acid— 
Xr0 2 *C s H 4 -hTH*lvr 2 *C6H 4 -Br 4- HOI = BrC 6 H 4 *F 2 -CI + ¥0 2 *C 6 H 4 ^H 2 . 

Such a secondary reaction as this would of course go on con¬ 
currently with the primary resolution, the amount of bromobenzene- 
vgl. liY. . 2 i 
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diazo-ckloride formed increasing with the time. We are disposed to 
believe that this is the true explanation of the excess of halogen 
found in the cases under discussion, and that the normal decomposi¬ 
tion of the mixed alkyldiazoaxnide results in the production of the 
two diazo-chlorides in equal molecular proportions. A small quantity 
of bromine or chlorine in excess of that required by equal molecular 
proportions of the two diazo-chlorides would obviously become 
exaggerated if calculated as ehloro- or bromo-benzeneazo-/3-naphthol. 
Thus the 4*5 per cent, of bromine found after 48 hours’ action of the 
acid corresponds to over 18 per cent, of the bromazonaplitliol, so that 
a very small amount of secondary decomposition would suffice to raise 
the percentage of the bromazonaphthol to the extent found in our 
analyses. We may here point out that the action of the nitrodiazo- 
chlorides upou secondary alkylamines seems worthy of special in¬ 
vestigation from this point of view. That the secondary reaction is 
of the nature indicated is rendered probable by an observation due, 
originally, to Griess (Phil. Trans., Part III, 1864, 694), and since 
repeated in all the text-books. According to this observation, 
nitrous acid is capable of expelling ethyl from ethylaniline with the 
formation of the diazo-salt:— 

C 6 HvhTH*C 2 H 5 ,HCl 4- NOOH = C 6 H 5 dST 2 ’C] + H 2 0 + C 2 HyOH. 

If nitrous acid can react in the way stated, it is not improbable 
that a diazo-salt of a radicle containing a strongly acid group (hT0 2 ), 
may act in an analogous manner. 

Summary and Conclusion , 

1. The six triplets of mixed alkyl-diazoamides described in the 
present paper, together with the two cases made known in former 
communications, suffice to establish the reality of the isomerism, first 
made known by us in 1887 (Trans., 51, 443). 

2. The decomposition of the alkyl-derivatives of mixed diazoamides 
by cold hydrochloric acid into a mixture containing equal molecular 
proportions of two diazo-chlorides, suggests that the molecular weight 
of these compounds is double that usually assigned. 

8. In support of this conclusion we have recently found that 
mixed alkyl-diazoamides, apparently identical with those produced by 
direct alkylation, can be formed synthetically by simply boiling 
together solutions of the other two members of the triplet, according 
to the equation— 

X-MB'-Y + Y-N,-NB'-X = (X*N 3 R'*Y) 2 . 

This discovery forms the starting point of a new research, which 
has already been commenced in our laboratory, and which wii| ri we 
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anticipate, lead to tlie final solution of tlie vexed question of tlie con¬ 
stitution of the diazoamido-compounds. We propose to determine 
the molecular weights of the isomerides hj Raoult’s method, rising 
benzene as a solvent. In the meantime the chemical evidence 
appears to us to point to the conclusion that the mixed diazoamides, 
at any rate, are formed by the coalescence of two isomeric molecules, 
and that they accordingly contain the closed chain of nitrogen- 
atoms :— 

—X—X—XH— 

—hx— ir—x— 

It gives us great pleasure, in conclusion, to acknowledge the great 
assistance which we have received in conducting the necessarily 
laborious series of experiments required by the present research from 
two of our students, Messrs. G. T. Morgan and J. H. Coste, who 
have been good enough to prepare many of the products, and to 
make most of the analyses given in the paper. We desire also to 
acknowledge valuable contributions of preparations made for us by 
the Frankfurter Anilinfarbenfabrik, Gans and Co. The present w r ork 
has been partly carried on by the aid of a grant from the Government 
Grant Fund of the Royal Society. 

Finsbury Technical College , 

J mie, 1889. 


XLIII .—On the Atomic Weight of Zinc, 

By J. H. Gladstone, Ph.D., F.E.S., and Walter Hibbert, FAC. 

Whilst using a zinc voltameter, recently arranged by one of us, 
Mr. Hibbert, it was observed that the loss in weight of the anode was 
very constant. The zinc deposited on the cathode was either not 
pure, or else it oxidised during washing, so that we could get no 
sufficient regularity in the results from it. Tlie constancy in the loss 
of weight at the anode, which at first was somewhat surprising, inas¬ 
much as the zinc was far from pure, seemed reasonable enough when 
considered in tbe light of the electrochemical position of zinc as com¬ 
pared with its ordinary impurities. These are all electronegative to 
zinc, and therefore are easily displaced in their compounds by that 
metal. If therefore during the action which takes place at the anode, 
any of the impurities should be taken up by the acid constituent of 

2 i 2 
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the electrolyte, they ought immediately to be displaced by the more 
electropositive zinc. Some explanation of this sort seems needed to 
account for the result of our experiments. It was confirmed by 
occasional analysis of the liquid and the deposited zinc, these being 
found free from cadmium, lead, tin, and arsenic, and showing only 
minute traces of iron. 

It then naturally occurred to us that it would be possible to get a 
fair estimate of the atomic weight of zinc by means of Faraday’s 
electrolytic law. 

Reynolds and Ramsay (Trans., 1887, 854) have given a consider¬ 
ably higher value for this number than most of the other experi¬ 
menters. They determined the hydrogen liberated from acids by a 
known weight of zinc, the metal having been carefully prepared by 
precipitation as zinc sulphide, re-solution as sulphate and subsequent 
electrolytic deposition, with final fusion in an exhausted hard glass 
tube. The mean result gave the atomic weight as 65*478, and the 
authors think it quite possible that the true value may be 65*5. 
Previous values given in recent years are— 

Marignac ... 65*180 

Raubigny... 65*184 

Yan de Plaats. 65*180 

These are reckoned for 0 = 15*963, and .are taken from the paper 
by Reynolds and Ramsay already alluded to. Since that paper was 
written, another determination has been made by Morse and Burton 
(Amer. Ghem . 10, 311—321). They estimated the zinc oxide 

obtained from known weights of zinc, the metal having been obtained 
by a special kind of fractional distillation in a vacuum. The mean 
result gave the atomic weight as 65*106. This figure is very nearly 
the same as the three given above, but differs materially from the 
value given by Reynolds and Ramsay. The methods which yield these 
varying values involve either laborious operations to get pure zinc, or 
some dependence on the purity and stability of various compounds. 

Our experiments, already alluded to, seemed to relieve us from the 
necessity of attempting to procure pure zinc, and gave promise of a 
result by the simplest operations. The values we give below are 
divided into two sets, the one obtained by determining the ratio 
between the equivalents of silver and zinc, the other depending on the 
ratio of zinc to copper. The first of these two ratios is likely to give a 
more accurate value for the atomic weight, seeing that the silver 
voltameter is a more accurate instrument than the copper one, and 
also that the atomic weight of silver is more accurately known than 
that of copper. 

In all the experiments given, the circuit consisted of— 
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(a,) A battery of four cells. These were modified Grove’s cells, 
the sulphuric acid being replaced by sodium sulphate. 

(h.) A tangent galvanometer to indicate roughly the value of the 
current, and enable ns to see that it was reasonably 
constant. 

(c.) A silver voltameter. 

(d.) A copper voltameter. 

(e.) Two zinc voltameters. 

In one of the experiments the copper receiving plate was injured, 
so that it is omitted. 

In the copper and silver voltameters, the conditions w r ere similar 
to those shown to be best by the researches of Lord Rayleigh, Gray, 
and others. 

The silver voltameter consisted of a platinum dish, 3 inches in 
diameter, as cathode, and a bundle of thick silver wires as anode. 
The latter were wrapped round with fine muslin and filter-paper to 
prevent particles falling into the dish below. The silver nitrate solu¬ 
tion always contained about 15 per cent, of the salt. At the end of 
an experiment, the solution -was poured from the platinum dish, and 
the latter then placed in a large vessel containing distilled water, 
which was slowly heated to about 80°. After decanting off, fresh 
water was poured into the vessel, and the operation repeated until 
the water showed no trace of silver. The platinum dish was then 
dried over a bunsen flame, adequately protected from the direct play 
of the heated gases. 

The copper voltameter consisted of two copper plates and a slightly 
acid solution of copper sulphate, of sp. gr. about 1*75, After each 
experiment the copper receiving plate was rapidly washed with water, 
then with alcohol, and dried at a temperature of about 40°. 

In each of the two zinc voltameters we nsed amalgamated sheet- 
zinc as anode. Only one side of this was used, and we found it 
advantageous to fix it horizontally at the top of the liquid, so that 
only the under surface and edges were acted on. Experience showed 
that if the disc were fixed vertically, the distribution of mercury is 
altered as the action proceeds. It accumulates at the bottom of the 
zinc plate, leaving a poorer amalgam in the higher parts, and thereby 
introduces a possible source of error. In one or two cases the zinc 
was amalgamated by dipping the metal in a solution of mercuric 
nitrate, but the following method was preferred:—One side of the 
disc was rubbed with dilute sulphuric acid, and while still wet a 
large drop of mercury was allowed to fall on the centre. This was 
then rubbed over the whole surface, and allowed to stand, with 
occasional rubbing, tillthe amalgam had set. After thus setting,the 
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plate was well washed and dried. A copper wire was now soldered 
to the centre of the unamalgamated side, to be used both as a support 
and as a conductor for the current. 

The anode thus prepared was treated in the same way before and 
after an experiment, that is to say, it was well washed in water, then 
in 0*805 alcohol, and dried at about 40°. We did not go beyond this, 
because we had in one or two experiments found slight traces of 
oxidation at higher temperatures. 

The cathode* was in most cases a copper dish containing the liquid, 
but in those instances where it was intended to test the liquid or 
deposited zinc, we used a platinum wire lying underneath the anode. 
The electrolyte was a solution of zinc sulphate, the sp. gr. of which 
varied from 1*18 to 1*21. 

The following tables include all the experiments, excepting only 
those which were preliminary. The density of current as given in 
the third column, is expressed in amperes per square centimetre of 
the zinc anode. 


Comparison of silver and zinc. 

llatio 

Zn 

No. of 
expt. 

Duration. 

Density of 
current. 

Zinc 

dissolved. 

Silver 

deposited, 


mins. 


grams. 

grams. 


I ...... 

75 

0*073 

0-7767 

2 *5589 

3 *2945 

j? . 

jj 

0*159 

0-7758 

1*9551 

3*2984 

II. 

72 

0*120 

0-5927 

3 *2986 



0*060 

0 *5924 

„ 

3 *3003 

Ill.. 

50 

0-070 

0-2277 

0*7517 

3*2969 

...... 

,, 

0 *033 

0 -2281 


3*2955 

I\ r . 

60 

0*200 

0*7452 

2;4588 

3*2995 

...... 

jj 

0*090 

0*7475 


*3 *2894 

V ...... 

80 

0*170 

0 *8770 

2 *9000 

f3*3067 

„ ...... 

n 

0*090 

0*8784 


3*3015 

VI . 

75 

0*044 

0 *9341 

3 *0809 

3 *2982 

55 ...... 

55 

0*022 

0*9347 

3 *2961 





Mean...... 

3 *2980 


As far as the zinc voltameter is concerned, there are two chief 
sources of error in the above experiments. First, the possibility of 
small particles of the anode becoming loose and falling away. 
Secondly, the possibility of oxidation taking place during the wash¬ 
ing and drying of the zinc sheet. 

We have some slight reason to suspect that the result marked is 
affected by the first of these sources of error. The zinc had been 
used in each of the previous experiments, and on examination its 
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edges were found to be thin, so that it bad to be rejected for the 
subsequent experiments. 

The result marked f is also a little doubtful. After washing, the 
surface of the zinc was found to be darker and duller than usual. It 
strongly suggested surface oxidation, but we could not test the point. 
We might have been justified in leaving these two results out, but we 
prefer to show the extreme differences obtained by the method. 

The general regularity of the other results leads us to think there 
was little or no disturbance from the two sources of error named. 
Experiment showed that the second was ordinarily inoperative. We 
tried several times to see if repeated washing and drying had any 
influence on the weight of the zinc, but got only minute changes 
which would not affect the ratio. 

It may be useful here to say that the first five experiments (in¬ 
volving 10 ratios) were made with special redistilled zinc obtained 
from Hopkin and Williams. The last experiment giving the two 
ratios 3*2982 and 3*2961 was made with two sheets cut from a piece 
of common zinc, bought at the nearest zinc-workers. It will be 
noticed that the two ratios with this zinc agree very well, although 
the current density is twice as great in one case as in the other. 

The mean ratio of the equivalents of silver and zinc, as given by 
our experiments, is 3*298 + 0*0008. If we take 107*93 as the atomic 
weight of silver, and the atomicity of zinc as 2, the atomic weight of 
zinc is— 


107*93 x 2 
3*2980 


= 65*44. 


If, as seems preferable, silver be taken as 107*66, then zinc is- 


107*66 X 2 
3*298 


65*29. 


We give below the comparison between zinc and copper. The 
density of current for the copper receiving plate varied comparatively 
little from 1 ampere per 50 square centimetres of receiving surface, 
the lowest density being 1 ampere for 70 square centimetres. It is 
known that the solution of copper sulphate acts on copper, but when 
slightly acid, and with these densities of current, the solvent action 
is small. Still the ratio obtained is not so reliable as that given 
by the preceding table for silver. As a matter of fact, the copper 
voltameter had only been used in the early experiments to give a 
ready cheek on the others. The ratios between silver and copper, 
which vary between 3*400 and 3*408, indicated a very fairly good 
agreement with the already known value, and afforded strong pre¬ 
sumption that the ratio Zn : Cu would be sufficiently useful as a 
confirmation of the other results. 
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No. of 
expt. 

Duration. 

Zinc dissolved. 

Copper deposited. 

Ratio 

Cu 

I . 

75 minutes 

0 -7767 

0 -7526 

1 *0313 



0-7758 


1 *0308 

ii ..... 

72 minutes 

0*5927 

0 -5737 

1*0331 



0*5924 

53 

1*0326 

in ..... 

50 minutes 

0*2277 

0*2209 

1*0308 


5 ) 

0*2281 

35 

1*0326 

y 

SO minutes 

0*8770 

0 *8510 

1 *0305 


a 

0*8784 


1 *0322 

vx 

75 minutes 

0 *9841 

0 *9088 

1 *03? 6 

. . 

jj 

0*9847 

33 

1 *0342 




Mean. 

1*0322 


The mean ratio for Zn : Cu is, therefore, 1*0322. As the solvent 
action of the solution, already alluded to, is likely to give figures for 
copper a trifle lower than they ought to be, the ratio will be affected 
in an inverse sense—that is, the figure 1*0322 is very probably a trifie 
too high. 

The values given for the atomic weight of copper vary somewhat. 
Three determinations made in recent years agree fairly well in giving 
a higher value than that formerly accepted. W. hi. Shaw, as the 
result of many electrolytic experiments (B, A. Report, 1886) and a 
careful discussion, suggests 63*33. 

T. W. Richards (Amer. Chem. J., 10, 187—191) has used a simple 
and apparently accurate method, namely, the precipitation of silver 
from a solution of its nitrate by known weights of copper. The mean 
result was 63*43. 

Baubigny has given a value very nearly the same as Shaw’s, and, 
as the latter was obtained by a method like that followed by ns, we 
use it for our calculation. From it we get— 

63*33 x 1*0322 = 65*37, 
as the atomic weight of zinc. 

But this number (65*37) is obtained by means of a ratio which we 
have already seen to be too high, probably by something like one 
part in a thousand. 

Reviewing the whole of the results, and attaching greater weight 
to the value derived from silver, the atomic weight of zinc would 
appear to be very close to 65*3. This is slightly higher than the 
figures given by Marignac, Baubigny, Morse and Burton, but some¬ 
what lower than the value given by Reynolds and Ramsay. 
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XLIY.— The Amylodextrin of W. Ndgeli , and its relation to Soluble 

Starch. 

Bj Horace T. Brown, F.R.S., and G. Harris Morris, PhJX, F.I.C. 

In the year 1874, W. Nageli described, under the name of amylo- 
dextrin ( Beitrdge ssur Keutnniss der Stdrhegruppe , Leipzig), a substance 
which he obtained by the long-continued action of dilute mineral 
acids upon ungelatinised starch in the cold. The starch-granules, 
whilst retaining for some considerable time their original structure, 
were, in the course of several weeks, completely disintegrated, a 
portion of their substance going into solution in the acid, whilst the 
iodine reaction of the insoluble residue gradually changed from blue 
through violet to reddish-yellow. The residue consisted of crude 
amylodextrin, which was purified by solution in hot water and sub¬ 
sequent precipitation, either by freezing the solution, or by the 
addition of alcohol. 

Niigeli describes amylodextrin as separating from its solutions in 
the form of crystalline spherules which are made up of minute 
needles arranged radially. The drawings which he gives of these 
crystalline aggregates suggest a close resemblance to the well-known 
spherules of inulin . 

Amylodextrin is said to have a rotatory power of [a] = 175° to 
177° when observed in the Wild’s instrument with ordinary light; 
and it is also stated to he non-diffusible. 

Of late years, the few chemists who have noticed amylodextrin 
have taken it for granted that it is identical with soluble starch , an 
opinion for which Muscnlus and Gruber (Bull. Soc . Ghim 30, 54, 
1878) and Arthur Meyer (Botan. Zeitung , 1886, Xos. 41 and 42) are 
mainly responsible; whilst Tokens also adopts this view in his recent 
Handbuch der Kohlenhijdrate . 

A careful investigation of this little-known substance has, how¬ 
ever, convinced us that it is a perfectly well-defined compound and 
entirely different in its nature from soluble starch. We are now in 
a position to define its properties more accurately, aud to assign it 
a place in the series of starch-transformation products. 

In describing his method for the determination of diastatic power, 
C. Lintner has stated (J. pr. Ohem ., 34, 378,1886) that a compara¬ 
tively short treatment of ungelatinised potato-starch with hydrochloric 
acid of 7*5 per cent, renders the granules, when subsequently freed 
from acid, capable of 'completely dissolving in hot water without the 
production of the usual viscid paste. Our experiments fully confirm 
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the accuracy of this statement. In one case in which, the above- 
mentioned strength of acid had been used, the starch had lost all 
power of gelatinisation within 10 days; whilst in another experi¬ 
ment, in which acid of 12 per cent, had been used, this point was 
reached in less than 24 hours. 

This extraordinary change in the properties of the granules is 
not accompanied by the slightest change of structure, and the altered 
granules have exactly the same influence on polarised light as the 
unaltered starch. 

We have very carefully examined the nature of the substance which, 
goes into solution on treatment of the altered starch with hot water, 
and find that it is in every way identical with the soluble starch 
described by O’Sullivan and others, and prepared by the limited 
action of heated malt-extract or of acid upon starch-paste heated to a 
suitable temperature. 

Soluble starch prepared by any of these methods slowly separates 
out on long standing of its concentrated solutions, or immediately on 
the addition of alcohol to dilute solutions, as a white substance which 
in mass is somewhat pasty in its nature, and on washing with alcohol 
and subsequent drying becomes very friable. Ho matter how slowly 
it may be precipitated from its solutions, it is always found under the 
microscope to he made up of minute particles entirely without structure 
and without action on polarised light. The substance itself and also 
its solutions are coloured an intense bine by iodine. Although almost 
insoluble in cold water, it is readily soluble in water at 60—70°, and 
is thrown down again on cooling as a white, floeculent, amorphous 
precipitate. 

The specific rotatory power of soluble starch in solution is 
[«]/ 3*88 = 216*0°, and it lias no cupric reducing power. 

We have shown in our, previous papers that soluble starch, which 
is the first product, of the action of diastase on starch-paste, is 
capable, at temperatures up to 60°, of rapid hydrolysis down to a 
certain definite point, beyond which progress is relatively very slow. 
This point of equilibrium is reached before the complete trans¬ 
formation of the starch into maltose, the reaction becoming almost 
Stationary when the mixed products give the following numbers ;— 


M/css.. 162*6° 

£ 3 * 86 *... 49*3 

corresponding to a composition of— 

Maltose.... 80*9 

Dextrin.. —.. 19*1 
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and to the equation— 1 

5(C 13 HaoOio)» 4" 4 hH 2 0 — 4»C ls H 32 0n -f- (OiaBLoOio)# 

Starch. Maltose. Dextrin. 

In the above-mentioned properties, the soluble starch prepared by 
the limited action of diastase or acids upon starch-paste, agrees in 
every particular with the soluble starch produced by the action of 
dilute acid upon starch-grannies in the cold. This ■will be seen more 
clearly when we describe tbe gradual changes which take place in the 
granules during the last-mentioned process. 

Before considering the chemical changes which occur during the 
continued digestion of starch with dilute acid, it will be well to point 
out the successive changes in appearance which the granules exhibit 
under the microscope. 

When we employ 12 per cent, hydrochloric acid, it is not until 
about the twentieth day that any visible action is apparent, the first , 
signs of disintegration of the granules being afforded by their 
splitting in a direction parallel with their shortest perimeter. Sub¬ 
sequently radial clefts are formed, and at the end of about two 
months the granules have become more or less disintegrated, especi¬ 
ally in the direction of their stratification, this disintegration being 
complete in from three to four mouths, when the residual substance 
retains little or nothing of the original form of the starch-grain. 

Concurrently with the changes mentioned above, tbe iodine reac¬ 
tion of the residual starch undergoes considerable modification, even 
before any change can be detected in the structure of the granule. 
The original pure blue colour given by iodine gradually changes 
through purple, reddish-purple and reddish-brown, to a pale, 
yellowish-red, which is not further modified even if the starch 
remain in contact with the acid for some years. 

The residual substance, after prolonged action of acid, is the crude 
amylodexf rin of W. Nageli and A. Meyer. This, as will be seen 
from our subsequent experiments, has been derived from the soluble 
starch first formed, by a gradual process of hydrolysis. 

The time required to reach the final result has been stated by other 
observers to be about 100 days, but our owu experiments point to 
this period as being insufficient for obtaining the maximum effect. 

The final product which we will first describe had been in contact 
with the dilute acid for eight years and a half, the insoluble residue 
representing about 60 per cent, of the potato-starch originally taken. 
The residue under the microscope appeared to be made up of the 
disintegrated lamellae of the original starch-granules, and was found 
to be coloured a light yellowish-red by iodine, and to be almost com¬ 
pletely soluble in hot water. It was purified from the small quantity 
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of foreign matter it contained by precipitation from its aqueous solu¬ 
tion by alcohol, or by immersing its solution in a freezing mixture. 
It is thrown down in the form of a brilliant white powder, which is 
highly crystalline in appearance when the precipitation has taken 
place slowly. Under the microscope, the precipitate is seen to consist 
of sjphcei'o-cnjstats made up of thin needles or plates arranged radially, 
and so closely resembling the sphsero-crystals of inulin that the two 
substances cannot be distinguished by microscopical examination 
alone. 

W. JSTageli (loc. dt.) gives very good illustrations of these crystal¬ 
line aggregates, and also shows their appearance when viewed in 
polarised light. 

Amylodextrin in solution gives with iodine an intense reddish- 
brown coloration. 

The crude product on solution in water gave the following num¬ 
bers, the amount of substance per 100 c.c. of the solution being 4*147 
grams:— 

... 207*7° 

k ? . S q .. 9"09 

After careful purification by precipitation with alcohol, the crystal¬ 
line amylodextrin gave the following constants:— 

Solution Density .—A solution containing per 100 c.c. 5*8036 grains 
of amylodextrin dried at 100° had a sp. gr. at 20° of 1022*701 (water 
at 20° = 1000), hence the divisor to be applied to solutions of this 
degree of concentration is 3*9115. 

Specific "Rotatory Power. —(1). A solution containing 5'8811 grams 
per 100 c.c. (3-86 divisor) gave in the Soleil-Yentzke-Scheibler in¬ 
strument a reading of 63*0 scale divisions when observed in the 
200 mm. tube. 

(2.) In another case, a solution containing 6*4974 grams per 
100 c.c. gave a reading under the same conditions of 70*1 divisions. 
These correspond to a specific rotatory power of— 

(1.) Wi3.se.... 205*7° 

(2.) Wi3‘86 . 206*8 

Mean Wia-se ...... 206*25° 

Oupric-redudng Power .—10 c.c. of solution (1) used in the deter¬ 
mination of the specific rotatory power, gave 0*1171 gram CuO; a 
second determination of the same solution gave 0*1176 gi'am GuQ. 

Solution (2)—10 c.c. gave 0*1306 gram CuO. 

* The values for the specific rotatory power [a]j, and for the cupric-reducing 
/e, are calculated throughout upon the 3*86 divisor for the total solids, and are 
in accord with the results given in our previous papers. 
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These results correspond to a cupric-reducing power of— 


(l)a. 9*04 

(1) 5. * s . 86 . 9*07 

(2) . * 8 .ee. 9*12 


Mean at 3 . 86 .. 9*07. 

The values of [a] j and * deduced from the actual iveight of amylo- 
dextrin employed are— 

208*42 
8*93 

The apparent percentage composition of amylodextrin deduced from 
the mean values given above for the 8*86 divisor is*— 

Maltose .... 14*871 which re- f [a]j 3 . s6 .... 205*4° 
Dextrin .... 85*18 i quires 1 tc 3 . 86 . 9*07 


Mi 


100*000 

We have now to consider if amylodextrin is a mixture of two or 
more substances, or if it is to be regarded as a homogeneous substance 
of definite chemical composition. In the first place it will he noticed 
that, however we regard it, the analytical numbers representing the 
optical activity and reducing power correspond exactly with those 
afforded by a mixture of maltose and dextrin, and the results can be 
expressed as above in terms of these compounds. In this respect, 
amylodextrin, although a product of the action of acid upon starch, 
conforms to the rule we established experimentally (Trans., 1885, 
47, 538) for any fractionated portion of the products obtained 
by the action of malt-extract or diastase on starch-paste. It is 
evident that the dextrose-group cannot enter into its composition. 

Although its crystalline nature rendered it in the highest degree 
probable that amylodextrin was a definite compound, it seemed desir¬ 
able to make every possible attempt to differentiate it. We have 
consequently treated it in very much the same way as we did nialto- 
dextrin, described in the paper just quoted, 

Amylodextrin is absolutely unfermentable by the Saccharomijces 
cerevisem of the high fermentation, consequently its cupric-inducing 
constituent cannot exist in the state of free maltose. 

On attempting to fractionate solutions of pure amylodextrin by 
throwing it down with alcohol of gradually increasing strength, it 

* The percentage composition deduced from actual weights of substance would 
be identical with the results obtained by the use of the 3*86 divisor, provided we 
employed for dextrin and maltose the constants also deduced from actual weight. 
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was found that precipitation takes place so completely, and within 
such sharply defined limits of alcoholic percentage, that it is practi¬ 
cally impossible to effect any fractional separation in this manner. 

Not the slightest differentiation could he effected by the method of 
partial solution, employing cold water as the medium, in which it is 
soluble to the extent of about 1‘75 per cent. 

The same is also true with regard to dialysis. Contrary to the 
assertions of W. Nageli, we find that amylodextrin is sensibly but 
slowly diffusible. 

150 c.c. of a solution containing 14*660 grams per 100 c.c. were put 
into a plicated parchment-paper dialyser, supported by a Nickers 
funnel, and exposing an effective diffusion surface of about 30 square 
inches. The water outside the dialyser was changed five times at 
intervals of about 24 hours. At the end of five days, the diffusates 
were evaporated to 90 c.c., and contained 2*75 grams, of substance, 
which on analysis gave the following numbers :— 


[«]>»... 204 * 6 ° 

^3-S6 ..*. 10*12 

corresponding to a composition of— 

Maltose .... 16*601 which re- f [a] j 3 . 8e .... 205 * 0 ° 
Dextrin .... 83*40 J quires i . 10*12 


100*00 


A comparison of these numbers with those given for pure amylodextrin 
shows that no differentiation has taken place, the substance having 
passed through the dialyser unchanged. 

The above considerations, coupled with the truly crystalline nature 
of the substance, lead us irresistibly to the conclusion that in amylo¬ 
dextrin we have to deal with a perfectly homogeneous compound of 
definite composition. 

It is doubtless a compound closely analogous to the maltodextrin 
we described in 1885 (he. cit .), and which we were led to regard as 
made up of two amylin- or dextrin-groups in combination with a 
maltose-group, thus:— 

f OiaHsoOn 

l(CttH»O w )* 


The simplest formula which we can assign to amylodextrin is either 
that represented by six dextrin- or nm^/Zm-groups in combination 
with one maltose- or amylon-group, thus :— 


/t\ f CwHaaOu \\ which re-1 
V l(C i3 H 2 o0 10 ) 6 i quires I 


Mi*3*S6» 

■ * * • 


206 11° 
9-08 
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or a formula represented by five dextrin- or anzyZm-groups, in com¬ 
bination with one maltose- or amylon-group , thus— 

(2) f CisHgsOn \ which re- f [a] j 3 . hS . 204*5° 

I (C 13 H2o0 10 )5 J quires L /c a . SG . 10*6 

.The actual numbers obtained for amylodextrin, viz. ;— 

[ a ]j3-8f) .. 205*25 

tfg.gs . 9*07 

leave little doubt that formula JSTo. 1 is the correct one, and this was 
strikingly confirmed by the estimation of the molecular weight 
of amylodextrin by Raoult’s method,* which yielded the following 
numbers :f— 

1. Freezing point of water used, +0*025°. 

Strength of solution, 10*159 grams amylodextrin in 98*87 grams 
water:— 


E. 

c. 

A. 

M. 

-0*070° 

0*095° 

0*0087 

2185 

-0*070 

0*095 

0*0087 

2185 


II. Freezing point of water used, +0*060°. 

Strength of solution, 8*622 grams amylodextrin in 94*80 grams 
water. 

E. C. A. M. 

— 0*015° 0*075° 0*0088 2290 

Mean of the above results— 

A = coefficient of depression . .. 0*0086 

M = molecular weight. 2220 

Whilst the molecular weight of { \ is 2286, 

and that of ( +++ v j is 1962. 

L ( OMg!)011J) 5 j 

W e must consequently look upon the first formula as the correct 
one, and must regard the amylodextrin molecule as being made up of 
six amylin-gvcmys united with one amylan-gvomy. 

We find that amylodextrin, like maltodextrin, is converted rapidly 
and completely into maltose under the action of diastase, as is well 
shown in the following experiments. 

* It was found that the property which amylodextrin possesses of separating 
from its solutions at a low temperature did not prove any obstacle to the employ¬ 
ment of this method, owing to the slowness of the separation, 

t For details of the method, and for an explanation of the terms employed, see 
our former paper (Trans., 1888, 58, 810). 
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A solution containing 6756 grams of amylodextrin per 100 c.c. was 
treated with a little diastase for 60 minutes at 55°. Tlie product 
gave the following numbers :— 

Maltose requires. 


[*]>* ......... 151*7° 150*4° 

/c 3 . 86 . 61*54 60*8 


This rapid hydrolysis to maltose is also very clearly shown when 
tlie solution of amylodextrin used in the second experiment for the 
determination of molecular weight was degraded with a little diastase 
and again treated by Uaoult’s method. 

The amount of diastase used in the experiment was 0*327 gram 
per 100 c.c. The action was allowed to continue for 60 minutes in 
the cold. 

Freezing point of a solution of diastase containing the above amount 
4-0*045°. 

Strength of solution, 9*4508 grams in 94*19 gram water. 


E. 

C. 

A. 

M. 

—0*495° 

0*540° 

0*054 

352 

-0*495 

0*540 

0*054 

352 


Tabulating the properties of the substance in solution before and 
after treatment with diastase, we find them as follows:— 


(1) Before treatment 
with diastase. 

M j3*8G. • * * •» .......... 205*3° 

M (molecular weight) = 2290 

The actual numbers for maltose are— 


(2) After treatment 
with diastase. 
150*7° 

352 


.. 150*4° 

M... 342 


The difference in behaviour between soluble starch and amylo¬ 
dextrin under the action of diastase is well shown in the following 
time experiments, which are expressed both numerically and graphic¬ 
ally. It will be noticed that the resting point in the reaction with 
soluble starch, to which frequent reference lias been made in previous 
papers, is extremely well marked; whereas in the case of amylo¬ 
dextrin no suck halt is apparent, the hydrolysis progressing uninter¬ 
ruptedly to maltose. 

The two substances are compared under identically similar con¬ 
ditions, the reaction taking place in the cold. 








AXD ITS RELATION TO SOLUBLE STARCH. 


457 


Time in minutes. 


1 

5 

10 

15 

20 

30 

60 


(I.) 

Soluble starch. 

[ a Jj3-86* 

215 * 0 ° 

202*2 

185-2 

163*9 

161-7 

161*7 

161*7 

161-7 


( 2 .) 

Amylodextrin. 

H./Vhb- 

205 - 3 ° 

190-3 

173-7 

165-1 

153*5 

150-5 

150-5 

150*5 


Fra. L—Showing the Degradation of Soluble Starch and Amylodextrin by Diastase, 
under similar conditions. 



Tt is very evident that amylodextrin cannot contain the highly 
stable amylin or dextrin nucleus which constitutes one-fifth of the 
soluble starch molecule, and which is capable of resisting for a con¬ 
siderable time the action of diastase. This amylin-group must have 
been hydrolysed by the acid during the long-continued digestion. 

The successive chemical changes which take place during the 
transformation of the starch-granules into amylodextrin under the 
action of dilute acids now claim our attention. 

We have already seen that the first step is the conversion of the 
starch substance into soluble starch, without any alteration in its 
organisation* 

vo l . lv. : . , 2 & 
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We give below the details of the analysis of the residual starch at 
various stages, and also the effect of “degrading” these residues, 
that is, of hydrolysing them with diastase until the point of equili¬ 
brium is reached. If we bear in mind that, under these circumstances, 
soluble starch Is degraded to a point at. which the mixed products of 
transformation have a composition of— 

Maltose....... 80*91 correspond- f ■ • * 162*6° 

Dextrin ..... 19*1 J mg to 1 k 3 . 86 . 49*3 

100*0 

and that amylodextrin, on the other hand, is degraded down to 
maltose , it will he evident that the results indicate a slow and gradual 
hydrolysis of the first formed soluble starch to amylodextrin. 


Analysis of Residual Substance after Digestion of Potato-starch for 
different periods in Hydrochloric Acid of 11 per cent . 

(1.) After 48 hours. 

W >86 ... 216-0* 

AT 3 .gR .................. 0 *t>t> 

After degradation with diastase. 

[*]>*.. 162*06° Maltose.. 81*411 re- f [a]**.. 162*2 C 

« 3 .86 .... 49*66 Dextrin . 18*59 J quires 1 /c 3 . 8C - 49*66 

At this stage the residue consisted of almost pure soluble starch, 
yielding almost exactly the theoretical numbers on treatment with 
diastase. The granules still retained their organisation, and were 
coloured a deep, pure blue with iodine. 

(2.) After 12 days. 

[•]>w.* *. A.v.. ' 209*2° 



^3‘86 .......... 

.. 2*78 



After degradation with diastase. 


[as] J 3 - 86 * * 

161*6° Maltose.. 

;f-7 1 re- f [«]>*.. 

158-1° 

* • * * 

53*52 Dextrin.. 

12*3 / quires \ /c 3 . 86 

53-52 



iuo-o 



The granules were unaltered in microscopical appearance. Iodine 
coloured them a reddish-purple. 

(3.) After 21 days. 

M >86. *... 210*2° 

' K 3*86 i * ■' 3*24 / 
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After degradation with diastase. 

161*2° Maltose.. 85*771 re- f[*] >86 .. 159*3° 

^ 3-86 * * *. 52*32 Dextrin.. 14*23 J quires \ tc 2 . &G _ 52*32 

100*00 

Nearly all the granules had split across their shorter diameter, and 
were coloured a light reddish-brown by iodine. 

(4.) After 33 days. 

j3* 86.. .. 208*4° 

*3-88. 4*4 

After degradation •with diastase. 

W>8s-- 160*7° Maltose.. 90*11 re- f [a]>; 6 .. 156*5° 

k 3 .86 .... 54*96 Dextrin.. 9*9 J quires \ v 3 . S6 .... 54*96 

100*0 

Iodine reaction the same as in (3), but some of the granules began 
to show^igns of disintegration. 

(5.) After 66 days. 

L^lis.ee.. 205*5® 

AT 3 .S6 ... 6*05 

After degradation with diastase. 

157*2° Maltose.. 92*051 re- f [*]>*., 155*2° 

a> & 6 .... 56*15 Dextrin.. 7*95 / quires \ v 3 . s6 .... 56*15 

' All the granules were at this stage strongly acted upon, and 
shmved marked signs of disintegration along their lines of stratifica¬ 
tion. 

(6.) After 100 days. 

Mj3.se...' 206*0° 

«r 3 . 86 .. 6*95 

After degradation with diastase. 

Maltose.. 92*241 re- f [*]*.«.. 155*2°' 

va.gg .... 56*27 Dextrin . 7*76 J quires \ %se .... 56*27 

100*00 

The granules at this stage had been so far disintegrated as to 
retain but little of their original form. 

It is evident that even after 100 days’ digestion the experiment had 
not been carried on sufficiently long to convert the whole of the 
soluble starch into amylodextrin, and a subsequent examination of 
the product confirmed this. 


2 k 2 
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It is probable that, under the conditions of the experiment, a 
period of from five to six mouths is necessary for the complete con¬ 
version. We have already described the properties of the substance 
yielded by a digestion of several years, but we will again introduce 
the numbers obtained for the sake of comparison. 

(7.) After years. 

M/3'86 .. 20/'9 


After degradation with diastase. 

[*] >ss .. 153*3° Maltose.. 97*01 re- f [*]*.».. 152-0° 
* 2.85 .... 59*18 Dextrin .. 3*0 J quires \ % 8 e * • • • 59*18 


100*0 


On dissolving in water and reprecipitating with alcohol, pure 
amylodextrin was obtained. 


[«] ji*88- - 

* 3*86 • • • * 


205*3° 

9*92 


After degradation with diastase. 

[«]>«.. 151 - 7 ° 

61-54 


maltose. 


#*•86 * 


On examination of the acid solution (dilute H 0 SO 4 ) which had been 
in contact with the starch for years, it was found to contain an 
amount of substance corresponding to about 40 per cent, of the 
original weight of starch taken. That this substance was dextrose is 
shown by the following analysis, which was made after neutralisa¬ 
tion of the acid in the cold with barium carbonate :— 


Pound. 

[«]>*. 57*36 

#" 3*&6 •*>*•«••**• 9/*49 


Dextrose requires. 

58*6° 

100*00 


The dextrose was readily separable by crystallisation. 


General Conclusions. 

(1.) One of the final products of the action of dilute mineral acids 
upon ungelatinised starch in the cold is the amylodextrin described 
by W. Nageli in 1874. 

(2.) Although its composition may be expressed in terms of 
maltose and dextrin, amylodextrin is not a mixture of these sub¬ 
stances,, but is a well-defined chemical substance. This is shown 
(a) by its absolute unfermentability with the ordinary yeast of the 
top fermentation; ( b ) by the impossibility of differentiating it by 
fractional precipitation or partial solution; (c) by its passage through 
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tlie dialyser in an unaltered form ; and (d) bj its distinct crystalline 
nature. 

(3.) Amylodextrin does not possess the optical properties ascribed 
to it by its discoverer. Its specific rotatory power is [«]/ 3 .se = 
206*11°, instead of [a] = 175° to 177°, as stated by Nageli. Its 
power of reducing cupric oxide is represented by k 3 . 6& = 9*08. 

(4.) In composition, amylodextrin is analogous to tbe maltodextrin 
we have previously described (Trans., 1885, 47, 528). It may be 

f Q o H oo 0 

represented by tbe formula K Q )' tb a tis,as constituted of one 

amylon - or maltose-group in combination witb six amylin- or dextrin- 
groups. Tbe molecular weight found by Raoult’s method is entirely 
in accordance witb this formula. 

(5.) Amylodextrin, like maltodextrin, is hydrolysed by diastase 
immediately to maltose without any Indications of a resting point in 
the reaction; it cannot, therefore, contain the stable amylin nucleus 
which constitutes one-fifth of the molecule of soluble starch, and 
which is only with difficulty attacked by diastase. 

(6.) Amylodextrin is an entirely different substance from soluble 
starch, with which it has been confounded by most observers. 

(7.) When ungelatinised starch is acted upon by dilute mineral 
acids in the cold, the first action is to convert the starch-substance of 
the granules into soluble starch ; this is then gradually hydrolysed 
to amylodextrin , a portion at the same time going into solution,, and 
being ultimately found as dextrose . 

Note .—The insoluble portion which remains after the treatment of 
starch-paste with malt-extract in the cold, has been erroneously con¬ 
sidered by A. Meyer to be identical with amylodextrin. (“ Ueber die 
wahre Natur von Kageli’s Starkecellulose,” Botan . Zeit, 1886, 356.) 
This substance was fully described by one of us and Heron some years 
ago ( CJiem. Soc . 35, 611, 1879), and, following Nageli, we regarded 
It as starch-cellulose. The properties of the so-called starch-cellulose 
are entirely different from those of amylodextrin, as will be seen bv 
reference to the paper just quoted; but whether we are to consider it 
as a true cellulose, pre-existent In the starch-granule, or as a trans¬ 
formation product of the starch substance, is a question which we 
must for the present leave an open one. 
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XLY.— The Determination of the Molecular Weights of the Carbo¬ 
hydrates. Part II. 

By Horace T. Brown, F.R.S. and Gr. Harris Morris, Ph.D., F.I.C. 

In the first part of this paper ( Chem . Soc. Trans., 1888, 53, 
610), we laid before the Society the results which we had obtained 
by the application of Raoult’s method to the determination of the 
molecular weights of some of the carbohydrates, and showed how the 
ntimbers obtained were, generally speaking, in close accord with those 
commonly accepted as expressing these values, and also that the 
method was capable in some cases, notably in those of arabinose and 
raffinose , of deciding between the two or more doubtful formulas. 

During the last year, Raoult’s method has been largely employed 
by chemists for very varied classes of compounds, and where it has 
been possible to compare the results with those obtained by the 
vapour-density method, there has been, on the whole, such a remark¬ 
able correspondence as to justify an increased confidence in tbe wide 
applicability of tbe method. 

Almost simultaneously with the appearance of our first paper, 
To!lens and Mayer ( Ber 21, 1566, 1888) determined the molecular 
weights of raffinose, dextrose, cane-sugar, and milk-sugar by the 
freezing method, and arrived practically at the same numbers as we 
have given for those compounds. Tollens, Mayer, and Wheeler have 
also more recently (Ber., 21, 3508, 1888) confirmed our numbers for 
arabinose, and have determined the molecular weight of xylose. 

De Yries (Compt. rend., 106, 751, and Zeit. physical. Chem., 2, 431) 
has applied successfully to raffinose a totally different method, which 
is based upon a determination of the osmotic pressure of solutions. 
The investigations of De Yries and Yan’t Hoff have shown that 
solutions of similar osmotic pressure have the same freezing point and 
the same vapour pressure. Such solutions are said to be isotonic to 
each other. De Yries determines the molecular weight of a given 
substance by comparing its isotonic concentration with that of another 
substance of known molecular weight, and belonging to the same 
osmotic group. The isotonic concentration is measured in a very- 
beautiful manner microscopically, by determining the strength of solu¬ 
tion necessary to plasmolyse certain iurgescent vegetable cells; that is, to 
cause a separation of the protoplasmic membrane from the cell-wall by 
outward diffusion of the water of the cell-sap into the solution under 
experiment. In this manner, De Yries has obtained for raffinose 
numbers indicative of a molecular weight of 595*7, almost the theo¬ 
retical requirements of the formula 0i8H 3 20i6,5H 2 0, and agreeing 
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very closely with the results we obtained for raffinose by the freezing 
method. 

We have now to describe the results obtained by a farther exami¬ 
nation of certain substances belonging to the group of carbohydrates. 

The method ot* experiment was substantially the same as that 
described in the first part of this paper. We have used, however, in 
our later experiments a thermometer graduated to -g- 1 ^ of a degree 
centigrade, and capable of being read accurately to 0*004 of a degree. 


Galactose , CeH^Oe, M = 180. 

This sugar is one of the products of the hydrolysis of milk-sugar, 
C 12 H 22 O 1 U with dilute acid, the other product being dextrose. 

It was crystallised from alcohol and dried in a vacuum. For a 
solution containing 10 grams of galactose per 100 c.c. we found— 

[cC]j at 19° 0. . 89-47° 

Mb at 19° G... 80*69 

Freezing point of water used -j-0*060°. 

Strength of solution 10*000 grams galactose in 93*87 grams water. 


E* 

C. 

A. 

M. 

—1*090° 

1*150° 

0*108 

176 

-1*080 

1*140 

0*107 

177*5 

-1-080 

1*140 

0-107 

177-5 


Calculated for 


Found 


C 6 H 12 G 6 . 


(mean). 

A. 

. 0*106 


0*1073 

M. 

. 180-0 


177-0 


Inulin , or OseHssOai. 

The formula which has been usually accepted for inulin is«0 6 Huj0s, 
but the careful researches of Kiliani (Annalen, 205, 145) certainly 
indicate that it yields on combustion a smaller amount of carbon and 
a larger amount of hydrogen than is compatible with this formula. 
His numbers for the pure substance dried at 100—130° are extremely 
concordant, and are given in great detail in his paper. They point 
unmistakably to a formula whose simplest expression is C 3 sH 62 0 31 
or GCeHioQs + H 2 0, and this composition is unaltered even after 
drying at 130° in a stream of hydrogen. 

The results obtained by treating inulin by Baoult’s method are as 
follows, the substance having been previously dried at 100° until it 
ceased to lose -weight. 

* For explanation of these headings, see first part of tins paper (Trans,, 1888, 
58,614).: 







464 BROWN AND MORRIS: THE DETERMINATION OF THE 


Freezing point of water used + 0*060°. 

15*079 grams innlin in 91*9 grams water. 

E. C. A. M. 

—0*084° 0*144° 0*0088 2159 


A second determination was made after further purifying by 
solution in water and precipitation by alcohol. 

Freezing point of water used +0*120°. 

17*614 grains inulin In 105*7 grams water. 


E. 0. A. M. 

—*0*024° 0*144° 0*0086 2209 

—0*0*26 0*146 0*0088 2159 


Molecular weight 
calculated for 

Oae H 63 0 31 M. 990*0 

20 36 H 6 Ai M 1980*0 

SG'seBA M. 2970*0 


Our experiments, we consider, justify us in attributing to inulin a 
formula represented by twice that given by Kiliani, that is, 2C 36 H 6 oO;u> 
We have already < awn attention in a previous paper to the great 
similarity, as regards eir physical properties, between amylodextrin 
and inulin. We now know that they are compounds possessing 
approximately the same molecular weight, and from a consideration 
of all the facts, we are inclined to regard inulin as a substance closely 
analogous to amylodextrin in Its composition, and should attribute to 
the two compounds the following formulae:— 


f (c,j b*o u ). 

1 (CisHaoOjo)* 
Inulin. 

M - 1980. 


f C 12 H 2e 0ii 

1 (Oi 2 Ho () Oj 0 )fi 
Amylodextrin. 
M = 2286. 


The amylin- and amylon-groups in the two compounds possess 
very different optical properties, and behave differently with regard 
to cupric reduction. The ultimate products of hydrolysis with dilute 
acids are also very different, being in the one case levulose and in the 
other dextrose.* 

For the details of the determination of the molecular weight of 
amylodextrin we must refer to the previous paper. 


* If our views on these points are correct, it would follow that inulin is a pro¬ 
duct of hydrolysis of an unknown carbohydrate, and stands in the same general 
relation to this substance as does amylodextrin to starch. That inulin is not 
directly hydrated to levulose by dilute acid, but that a series of intermediate com¬ 
pounds is produced, is rendered highly probable by the experiments of Dragendorff, 
and more recently by those of Grreen (Atm. Rot 1888). 






MOLECULAR WEIGHTS OF THE CARBOHYDRATES, 


465 


Maltodextrin^ { ?A 2 ^rr*"n \ 1 ? M = 990. 

L V.Lriailso'-'ioys J 

In a previous paper (Trans., 1885, 560), we have described this 
compound as occurring amongst the transformation products of starch 
when the action of the hydrolysing agent, diastase, is limited. 

The specific rotatory and cnpric reducing powers of pure malto- 
dextrin are represented by— 


* 3*86 • • 


193-1° 

21T 


and we were led to consider it as being made up of one amyIon-group 
in combination with two amylin-groups. 

A determination of the molecular weight of maltodextrin by 
Raoult’s method is entirely in accordance with this view, as is shown 
by the following results :— 

Freezing point of water used, 0*060°. 

Strength of solution, 8*6114 grains maltodextrin in 94*71 grams 
water. 


E. 

C. 

A. 

M. 

—0*118° 

0*178° 

0*0195 

974 

-0*120 

0*180 

0*0198 

960 

-0*120 

0*±80 

0*0198 

960 


Calculated for 

J C 12 H 2 . : O n Found 

1 (Ci 2 Ho 0 O l0 ) 2 * (mean). 


A. 0*0191 0*0197 

M . 0*990 0*965 


Starch , %(C 12 H;;oOio)* 

Owing to the very viscid nature of starch-paste, and the great 
increase in this viscosity at low temperatures, it is absolutely impossi¬ 
ble to apply to it Raoult’s method. Our direct experiments on this 
carbohydrate were consequently limited to the modification known as 
soluble starch , which was prepared in a pure state by Lintner’s method, 
referred to in onr paper on amylo-dextrin. 

Notwithstanding the complete limpidity of solutions of soluble 
stanch at ordinary temperatures, these also become viscid on cooling 
to 0°, if they are of any considerable degree of concentration, and it 
was consequently found impossible to operate with a solution contain¬ 
ing more than 3*5 grams per 100 c.c. 

Although separate experiments gave fairly concordant values for A 
of about 0*0009 corrected, which corresponds to a molecular weight 
of 20,000 to 30,000, the errors of experiment bear so large a propor- 
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tion to the observed readings that it is impossible to place any great 
amount of dependence on the results, no matter how carefully the 
experiments are conducted. 

There also seemed a possibility that the method was not applicable 
to substances of such a highly colloid nature as starch. 

In order to throw some light upon this last-named point, we made 
some experiments with another colloidal body, an arabinic acid 
possessing a right-handed rotation of [%\j = 61T6 0 . This gave the 
following results:— 

Freezing point of water used, -f-0*060. 

11*928 grams arabinic acid in 92*50 grams water. 


E. 

C. 

A. 

M. 

—0*310° 

0*340° 

0*0263 

722 

-0*315 

0*345 

0*0267 

712 


We see that arabinic acid, a substance with strongly marked 
colloidal properties, has a marked influence in lowering the freezing 
point; hence it seemed probable that the small influence observed in 
the case of soluble starch is really due to the large size of its 
molecule. 

Since it is impossible to obtain with soluble starch in a direct way 
any numbers which can be regarded as even fair approximations to 
the truth, we were necessarily driven to more indirect methods, which 
have afforded more satisfactory results. 

When the complex molecule of starch is broken down by diastase 
under the conditions most favourable to its complete hydrolysis, we 
have shown that a point of equilibrium, or, speaking more strictly, a 
resting point in the reaction is reached, when the amount of dextrin 
produced corresponds to one-fifth by weight of the amount of starch 
taken; that is, when the mixed products have [«]= 162*6° and 
*3*86 = 49*3, 

This reaction is expressed in its simplest form by— 

5C»H*Oio + 4H 2 0 = G 12 H 20 0 10 + 4C 12 H*Ai. 

Starch, Dextrin. Maltose. 

If the production of maltose and dextrin during hydrolysis is to be 
considered as due to a molecular degradation of the starch, and we 
think the evidence in favour of this is almost conclusive ;* then, no 
matter what view we may take of the actual manner in which this 
degradation takes place, we cannot escape from the conclusion that 
the molecule of the stable dextrin of the above equation is one-fifth of the 
size of the soluble starch molecule from which it has been derived . 

A : # Cf. Appendix to this paper. 
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If, then, we can establish the size of the molecule of this lowest and 
most stable dextrin we can indirectly determine the size of the starch 
molecule. Our endeavours have consequently been directed towards 
determining this point, and, as will be seen, not without success. 

A conversion of starch with diastase was allowed to run down to 
its lowest limit, as stated above, and the resulting dextrin was 
separated by repeated precipitation with alcohol until the greater part 
of the maltose had been removed. On analysis the dextrin gave the 
following numbers :— 

[AJj 3 , 86 .. 209*3° Maltose.. 8*161 re- f . 210*6° 

.. .. 4*98 Dextrin.. 91*84 j quiring 1 /c a . &6 .... 4*98 

100*00 

A freeze was made with this dextrin. 

Freezing point of water used 4-0*060°. 

(1.) 6*788 grams of dextrin in 95*90 grams of water. 

E. a A. A' * * M. 

4-0*008° 0*052° 0*0073 0*0o31 6333 


* A' represents the coefficient of depression of the dextrin after correction for 
the maltose present. This mode of correcting the results can of course only be 
accurate if the total effect of a mixture of substances in depressing the freezing 
point is the sum of the effect of each constituent taken separately. This has already 
been shown to be the case by Raoulfc, but it seemed advisable to confirm it for the 
carbohydrates. 

Solutions were made of (1) dextrose, (2) cane-sugar, and (3) a mixture of these 
two substances. 


(3.) Dextrose. 

Freezing point of water used, + 0*085.° 

11*295 grams in 93*06 grams water. 


E. 

—1*255° 


c. 

1*340° 


A. 

0*110 


M. 

173 


(2.) Cane-sugar « 

13*717 grams in 91*57 grams water. 

E. C. A. 

-0*820° 0*905° 0*060 

(3.) Dextrose and Cane-sugar . 

5*647 grams dextrose 1 . no . 00 
„ nf , a 6 bn 92*32 grams water. 

6*858 „ cane-sugar J 


M. 

316 


12*505 

E. 

-1*040° 


C. 

1*125° 


A. 

0*083 


4MA 

231 


Value of M / calculated from actual molecular weight of constituents . 260*8 
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(2.) 17*758 grams of same dextrin as in (1), in 89*29 grams water. 


E. 

C. 

A. 

A'. 

M. 

-0*088° 

0*148° 

0*0074 

0*0031 

6130 

-0*088 

0*148 

0*0074 

0*0031 

6130 

-0*088 

0*148 

0*0074 

0*0031 

6130 


Another low dextrin prepared in a similar manner gave the follow- 

Analysis. 

Maltose.. 9*7 1 re- f H,w, ■ 209*5° 
Dextrin.. 90*3 / quiring 1 /c 3 . &6 .... 5*87 

100*0 

Freezing point of water, -f 0*060°. 

20*743 grams dextrin in 87*50 grams water. 


E. 

. O. 

A. 

A'. 

m. 

—0*130° 

0*190° 

0*0080 

0*0030 

6333 

-0*135 

0*195 

0*0082 

0*0032 

5937 

-0*130 

0*190 

0*0080 

0*0030 

6333 


Another low dextrin prepared in a similar manner gave— 

Analysis. 

[*]>*»■ • 208*6° Maltose.. 9*06 1 re- f [«] . 211*1° 

.... 5*53 Dextrin . 91*94 / qniring* \ « s . 88 .... 5*53 

100*00 

Freezing point of water, + 0*060°. 


30*2217 grams dextrin in 81*78 grams water. 


E. 

C. 

A. AT 

M. 

-0*250° 

0*310° 

0*0078 0*0030 

6333 

-0*250 

0*310 

0*0078 0*0030 

6333 

The mean value of M 

in these experiments with the lowest dextrin 


6 *221, and the numbers obtained have but a small range on either 
side of this mean. The formula 20 Oi 3 H 80 Oi« requires a molecular 
weight of 6480; and we think the experimental evidence quite 
justifies us in adopting this value. 

The formula of soluble starch would consequently be represented 
by five times the above, that is, 5(C»H2 oOi<>)80s and the molecular 
weight by 32,400. 

This is quite in accordance with the approximation obtained in 
a direct way with soluble starch, where, it will be remembered, we 


ing results:— 


C a L ' a, « 5 * 

*3-86 * • • 


211*3° 

5*87 
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obtained indications of a molecular weight somewhere between 
20,000 and 30,000. 

We have now to consider if Raoult’s method is able to throw any 
light on the relations of the dextrins to each other, as it is a matter 
of the highest theoretical importance to determine whether these 
bodies constitute a series of polymers, or whether they stand merely 
in metameric relation to each other. 

In order to determine this point, we have prepared a number of the 
higher dextrins proceeding from starch-transformations which had 
been stopped in an early stage of hydrolysis. 

It will be unnecessary to give the full details of every experiment; 
the following may, however, be quoted as an example :— 

Analysis. 

[»]>s6. * 210'7 Maltose.. 2*31 re- f M>86* * 214*4° 

- 1*4 Dextrin.. 97*7 J quiring \ k z .& _ 1*4 

100*0 

On degrading a solution of this dextrin with a little diastase, we 
obtained—- 

|>] >86 .. 171*1° Maltose.. 72*21 re- f |>] >86 . . 168*34° 

k 3 . 86 .... 44*04 Dextrin . 27*8 J quiring 1 .... 44*04 


100*0 

100 parts of the original dextrin have consequently yielded on 
degradation to the lowest point—71*5 parts of maltose. This corre¬ 
sponds to a mean position of the dextrin of between (3) and (4) of 
our table (see Trans., 1885, 47, 543) ; that is, to a dextrin pro¬ 
ceeding from a starch-transformation whose mixed products have 
about [a]y 3<66 = 190° and Ar 3 . 86 = 24*0. 

If this dextrin is a polymer, or a mixture of polymers of the lowest 
dextrin, its molecular weight or mean molecular weight, as the case 
may be, ought to be 3f times as great as that of the lowest dextrin; 
that is, 3£ x 6480 = 22,680. 

Let us now see how this dextrin behaves when treated by Raoult’s 
method. 

Freezing point of water used, +0*085°. 

33*4005 grams dextrin in 77*96 grams water. 


E» # 

c. 

A. 

A'. 

M. 

—0*100° 

O'185° 

0*0043 

0*0031 

6130 

—0*100 

0-185 

0*0043 

0*0031 

6130 


*, The correction for A has been made on the assumption that the small quantity 
of reducing matter is maltose. If, however, it may be thought in these high 
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In the accompanying table, we give the experimental results ob¬ 
tained on submitting some of the dextrins to the freezing method. 
The position occupied by each dextrin in the series, as measured by 
its maximum degradation with diastase, is given in the sixth column. 

A comparison of the results obtained with the so-called high and low 
dextrins points unmistakably to the conclnsion that Raoult’s method 
affords no evidence of there being any difference in molecular size 
between the high and the low dextrins ; in fact, the numbers ob¬ 
tained with dextrins occupying very different positions in the series 
are strikingly identical. It must he remembered, however, that at 
present our knowledge of the behaviour of polymers when submitted 
to this method is not sufficiently advanced for us to say with 
certainty that it is applicable to a determination of molecular aggre¬ 
gates such as we imagine the dextrins to he. 

It has been suggested by Armstrong (Brit. Assoc . Rep., 1888, 
357) that Raoult’s method may, after all, only afford evidence of 
molecular complexity when some atomic rearrangement has taken 
place, as in the case of aldehyde and paraldehyde; and that it may 
not give any indication of tlie size of a molecular complex formed 
by the mere juxtaposition of molecules. We think, however, that 
this criticism of the applicability of the method scarcely touches the 
case with which we are dealing, and for the following reasons:— 

As far as our present knowledge goes, there is not the slightest 
evidence to indicate that the mode of connection between, the amylin- 
groups of soluble starch differs in kind from that between the amylin- 
groups of the dextrins—supposing these last to be polymers. If there 
is atomic rearrangement in one case, there is no reason why it 
should not he present in the other; if, on the other hand, it is a 
mere juxtaposition of molecules in one case, why not in the other P 
In fact there is every reason to believe that the mode of union between 
the component groups wmuld he the same in both cases. If, therefore, 
Raoult’s method gives us direct evidence—as it undoubtedly does—of 
a great difference in molecular size between soluble starch and the 
dextrins, we should also, expect it to indicate differences in the 
molecular size of the dextrins themselves, if these really existed, 
and if the dextrins are produced by a gradual breaking down and 
decrease in size of the starch-molecule, with polymerisation of the 
residual amylin-groups. 

That Raoult’s method does not indicate these differences, when the 
Various dextrins are treated by it, goes in our opinion a long way 

dextrins to be due wholly or in part to maltodextrins, the corrected value of M for 
the dextrin will be somewhat smaller than that given; consequently, the arguments 
based upon this and the following experiments are not in any way altered by the 
fact, 1 ' 
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towards proving that, after all, the dextrins are me tain 
polymeric. If this is admitted as even probably correct, 
necessary to consider how far our previous views on the 
down of the starch-molecule must be modified in order to inci 
new facts. 

In a previous paper by one of us and Heron (Trans., 1879, 
646), we considered that the very simplest formula which could be 
adopted for soluble starch was lOC^IiooOio, *ud that during hydrolysis 
by diastase each of these 10 amylin-groups was successively removed 
in the form of maltose, whilst the remaining amylin-groups poly¬ 
merised to form a dextrin of gradually decreasing complexity—the 
last dextrin of the series being one-fifth of the original starch- 
molecule. 

In a more recent paper (Brown and Morris, Trans., 1885, 47, 527), 
after an investigation of maltodextrin and a determination of its 
relation to starch and the dextrins, we noted that the original hypo¬ 
thesis was insufficient to include all the new facts which were then 
brought forward, and suggested, as a useful working hypothesis, an 
extension of the original idea, stating, at the same time, that we 
were far from regarding it as final, and that it would doubtless 
require still further development as a more intimate knowledge of 
the subject was gained. 

We suggested, in the paper just referred to, that the starch-molecule 
could not be looked npon as consisting of less than five times the 
ternary group (CisHsoOioV We were still inclined to believe that 
tbe action of diastase in hydrolysing the above molecule consisted 
in successive hydrations and removals of (Oi 2 H 2 oOio) 3 -groups through 
maltodextrin to maltose, whilst the dextrin residues polymerise until 
the hydrolysis has proceeded so far as to reach the stage of the 
lowest dextrin—which only undergoes further change by a compara¬ 
tively slow process of hydration. 

If is evident that the above views require considerable modification, 
if the so-called high and low dextrins are bodies possessing the same 
molecular weight, and we have now to consider how an alternative 
hypothesis can be framed which will enable us to explain the known 
differences in the properties of the dextrins without at the same time 
regarding them as polymers. 

O’Sullivan, in 1879 (Trans., 35, 783), stated his belief that the 
breaking down of the starch molecule by diastase did not result in the 
successive appearance of dextrin molecules becoming smaller at each 
step, and “ that we have not, in this case, to do with a series of poly- 
merides, but rather with a series of bodies of the same molecular 
weight, in which the difference in their behaviour to the agent under 
consideration must be accounted for by a difference of relation in 
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the arrangement of the molecules to one another , probably in solution 
alone” 

O’Sullivan regards the molecule of soluble starch as being identical 
in complexity with the molecules of the various dextrins, the groups 
of molecules rearranging themselves during the transformation so as 
to maintain the resulting dextrin molecule always of the same size. 
For the elaboration of this hypothesis, and for an explanation of how 
this rearrangement is supposed to take place, we must refer to the 
original paper (loc. cit.). 

The new facts which we have brought forward, whilst confirming 
O’Sullivan’s view as to the identity in molecular size of the dextrins, 
indicate, on the other hand, that the molecule of soluble starch must 
be of much greater complexity than that of the dextrins, and that we 
must seek for some other explanation of the phenomena of starch 
transformations than is afforded by the above elaborate hypothesis of 
molecular rearrangement. 

The following hypothesis seems to us to be more in accord with the 
facts. 

We may picture the starch-molecule as consisting of four complex 
amylin-groups arranged round a fifth similar group, constituting a 
molecular nucleus. 

The first action of hydrolysis by diastase is to break up this com¬ 
plex, and to liberate all the’five amylin-groups. Four of these groups 
when liberated are capable, by successive hydro lysations through malto- 
dextrins, of being rapidly and completely converted into maltose, 
whilst the central araylin nucleus, by a closing up of the molecule, 
withstands the influence of hydrolysing agents and constitutes the 
stable dextrin of the low equation, which, as we know, is so slowly 
acted upon by subsequent treatment with diastase. The four readily 
hydrolysable amylin-groups we look upon as of equal value, and in 
their original state these constitute the so-called high dextrins, which 
can never be separated completely from the low dextrin by any 
ordinary means of fractionation. 

This hypothesis provides for intermediate maltodextrins or amylo- 
dextrins whose number is only limited by the size of the original 
amy Un-group. 

Each amyl in-group of the five has a formula of (C^H^Oio^o, and 
a molecular weight of 6480; so that the entire starch-molecule, or 
more correctly speaking, that of soluble starch, is represented by 
5(Ci 3 H 20 Oio),o, having a molecular weight of 32,400. 

An attentive consideration of all the facts which have been brought 
forward, both by ourselves and others, in connection with the trans¬ 
formation of starch by diastase, will, we think, show them to be in 
accordance with this view, and the hypothesis which we now advance 
Tu LV. ; 2 L 
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is sufficient to support those facts and to give some sort of explana¬ 
tion of them, whilst, at the same time, it may serve as a new starting 
point for further investigation. 


Appendix. 

T he gradual diminution in the molecular weight of the products of 
hydrolysis of a mixture of the so-called high and low dextrin* is well 
shown in the following experiment, in which a. solution of the dextrifiS. 
was treated with successive small quantities of diastase, and submitted 
from time to time to Raoulfc’s method. 

Correction has been made for the amounts of diastase, but the 
u coefficient of depression ? A has, in each case, been calculated on 
the original amount of solid matter, thus neglecting the fixation of 
water which takes place as the hydrolysis proceeds. 

11*1335 grams of substance in 93*28 grams water. 


e. i 

e. 

A. 

M. 

Before addition of diastase...... 

+ 0*035 

0-050’ 

0 *0043 

4418 

5 iidns. after 1st addition of diastase ■ 

+ 0-000 

0*060 

0*0050 

3800 

16 

—0 'Old 

0*070 

! 0*0058 

1 3276 

15 hours after 1st addition of diastase ' 

-0*255 

: 0*315 

1 0*0263 

722 

lb «» .» 

1 hour after 2nd addition of diastase 

—0*265 

0-325 

! 0 *0272 

608 

-0*350 ! 

0*380 ! 

0*0318 

: 597 

1 „ 3rd addition of diastase i 

-0 *110 ! 

’ 0 *410 ! 

0*0343 : 

554 


XliTL —Researches on Silicon Compounds and their Derivatives, 
PartY. On Silieoteiraphemjlamide, Para - and Qrtho-sHicotetratotyl- 
twiides, a,- and p-Silicotetranap Ji thy la mides. 

By J, Emerson Reynolds, MJD., F.R.S., Professor of Chemistry, 
University of Dublin. 

In former communications I have shown that silicon tetrabromide can ^ 
combine with several thiocarbamides without loss of halogen, and 
form highly condensed compounds of the type-— 4; 

(CSNVH A ),SiBr 4 ■ ;/J| 

(Trans., 51, 203, and 53, 853). /4J| 

; I have, now the pleasure to lay before the Society an account of : 
certain, Interactions with anodic compounds in which silicon bromide I; 
and'eMoride: lose all their halogen and afford a new class of silicon- , | 
.derivatives.' /.In the following pages I shall describe the preparation 
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' nd chief properties of five of these new substances, viz., silico- 
t haphenylamide, para- and ortho-silicotetratolylamides, «- and 
/3-silieotetranaphthylamides. 

Silicotetrapheny lamide. 

When silicon tetrabromide is added to excess of aniline diluted 
with 3 to 4 vols. of benzene, much heat is evolved, and aniline hydro¬ 
bromide separates out, as it is nearly insoluble In benzene. If aniline 
be in excess throughout the operation, the whole of the halogen pre¬ 
cipitates as aniline salt, and there remains in solution a beautiful 
crystallisable compound which is silicotetrapbenylamide. If the 
aniline be not in excess throughout the operation, a bromo-compound 
appears to be produced analogous to Harden’s (Trans., 51, 40) 
rather Ill-defined chlorinated product. 

Silicon tetrachloride acts in a similar manner with excess of aniline 
and, being less costly than the tetrabromide, can be advantageously 
used instead of tbe latter in comparatively large operations. The 
most convenient mode of preparing considerable quantities of the new- 
compound with the aid of the chloride will appear from the following 
detailed account of an experiment. 

A mixture of 100 grams of silicon tetrachloride with twice the 
volume of benzene was gradually added to 438 grams of pure aniline, 
also diluted with 2 vols. of benzene. Constant agitation was 
maintained during the addition of the chloride, and the latter was 
added more slowly towards the end of the operation. The product 
was quickly filtered from the separated aniline hydrochloride and the 
latter repeatedly washed with fresh benzene. The filtrate was then 
distilled as far as possible from a water-bath, and finally over a naked 
flame at 100—105°, in a current of dry hydrogen, to remove as much 
benzene as possible; a syrupy liquid was left after this treatment. 
Experience of former preparations indicated that, while the liquid 
would solidify to an obscurely crystalline mass after some days, it was 
better to pour It still warm into an excess of carbon bisulphide, with 
which the syrup mixed completely. After rapid -filtration from a 
little aniline hydrochloride, which was separated by the bisulphide, 
the clean solution was slowly distilled at as low a temperature -as 
possible until reduced to the crystallising point, and it was then set 
aside to cool. A fine crop of large, transparent, lustrous crystals of 
the new compound separated, and the mother-liquors from these 
afforded a further supply, so that rather more than 120 grams were 
obtained nearly free from secondary products, of which ihiocarbanilide 
is the most troublesome. It was subsequently found that the yield 
could be considerably increased by the addition of light petroleum to 

2 l 2 " 
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the mother-liquors, which precipitates small crystals of the tetramide 
from its solutions in carbon bisulphide or benzene. Two crystal¬ 
lisations of the best crops from fresh bisulphide yielded the new 
compound in a state of purity and in hue, colourless, transparent 
crystals, which are formed at the surface of the solution, as they t*"* 
specifically lighter than the liquid. These crystals did not coni 
any trace of chlorine. 

Products of different operations, which had been three times 
recrystallised from carbon bisulphide, were used in the following 
analyses:— 

I. 0*693 gram gave 0*103 of Si0 2 . Si = 0 93 per cent. 

II. 0*7503 gram gave 0*1115 of SiO*. S ; = 0*93 per cent. 

III. 0*261 gram gave 32*8 c.e. of 1ST at 16 u and 751 mm. 27 = 14*45 
per cent. 

IY. 0*23 gram gave 27 c.e. of 27 at II" and 700 mm. 27 = 14*03 
per cent. 

V. 0*2325 gram gave 0138 of H,0 and 0*0185 of C0 3 . H = 6*59 
and C = 72*55 per cent. 

YI. 0*2212 gram gave 0*127 of H 2 0 and 0*59 of C0 3 . H = 6*37 and 
C = 72*73 per cent. 

These results* agree with the formula— 

Si(N T H-C fl H 5 )i, 

Experiment. 

Calculated. I? II. 


81 .. 7*07 0*93 6*93 

C . 72*72 72*55 72*73 

H. 6*06 6*59 6*37 

27 ........ 14*15 14*45 14*03 


The reaction which ensues when the silicon haloid is gradually 
added to excess of aniline is therefore represented by the following 
equation:— 

Sid 4 + 827HyO ti H 5 = Si(27H*C 6 H 5 ) 4 + 427H/C 6 H 5 ,HO! ? 

which accords with the weight' of hydrochloride separated in the 
reaction, 

■ Silicotetraphenylamide when pure occurs in fine, colourless, trans¬ 
parent crystals, which have been subjected to. crystallographic ;v. 

It wag observed that half the nitrogen came off readily from the compound 
when burned with lead chromate and copper oxide, bat the residue very slowly, 
mi at the end' the temperature had to be raised as high as practicable in cmfer 'to 
.'wore.complete combustion. ■ ' ■ 
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examination by my friend Professor Sollas, whom I have to 

thank for the following statement of his results :— 

“ Crystalline system, oblique (monoelinic) ; j3 = 110° 20'; ratio of 
parameters, a : b : c = O'9853 : 1 : 1*043. 

“ The crystals consist of the following forms:—(100), (010) (111), 
(111), (101). The planes about the lower pole, with the exception of 
001, are frequently reduced and sometimes completely suppressed, 



hemimorphic crystals resulting: twins occasionally occur,’with 001 
as the plane of combination, and a normal to it as the twinning 
axis. 

“ The cleavage is highly perfect parallel to 001, perfect parallel to 
010, scarcely perfect parallel to 100: traces of cleavage parallel to 
the pyramidal faces are obtainable. 

“ The plane of the optic axes lies in the plane of symmetry, and the 
acute bisectrix makes an angle of 27° 20' with the axis c in the obtuse 
angle 0. The apparent angle with sodium light in air is 31° 5', and 
in bromonaphthalene (r. i. = 1*66) 18° 36'. A parallel sided flake 
obtained by cleavage along the 001 plane almost completely loses 
visibility when immersed in methylene iodide (r. i. = 1*7446), the 
mean refractive index is therefore approximately 1*7446. The true 
angle between the optic axes is consequently 17° 40', 

“The dispersion is inclined, p slightly less than v. The double 
refraction is negative. 

“ The extinction angle measured on the 010 plane is 7°, the edge 
010, 001 being taken for reference.” 

The pure compound melts at 137—138° to a nearly transparent 
liquid which can be heated in a narrow tube to 210° without decom¬ 
position. 

Heated in a vacuum to its melting point, some aniline is given off, 
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and a mixture of silicon compounds formed whose constituents 
be described later on. 

Silicotetraphenylamide is very soluble in benzene but less soluble 
In carbon bisulphide (100 e.c. of the solution saturated at 14 s con¬ 
tain 21*1 prams). The compound is separated from both solutions 
on addition of light- petroleum, in which it is almost insoluble, lienee 
In recent preparations the latter has been used with advantage in 
separating the pure compound. It Is at once decomposed by chloro¬ 
form; anhydrous ether dissolves the compound without apparent 
decomposition, but alcohol and water decompose It; the latter very 
slowly yields silicic acid and aniline. Rapid decomposition takes 
place If either acids or alkalis are present, especially In alcoholic 
solution. 

So far as silicote traphenylamide has been hitherto examined, it has 
not shown any distinct tendency to unite, as a whole with acids, but 
is rather decomposed by them, even when the amide is present In 
considerable excess. The nature of the decomposition which takes 
place with hydrochloric add appears from the results of the follow¬ 
ing experiment. 

Silicotetraphenylamide was dissolved in benzene' and a' current of 
dry hydrochloric acid gas was led through it. There was immediate 
separation of a white substance which increased as the current of gas 
continued. The mixture was ultimately saturated with hydrochloric 
acid gas and was allowed to stand for two days ; it was then filtered, 
the precipitate washed with benzene, and dried for analysis, during 
which it slightly fumed. The filtrate was not precipitated on largely 
diluting It with light petroleum, proving that all the siHcotetraphenyl- 
amide had been separated from it. On the other hand, it con¬ 
tained silicon chloride in comparatively large quantity. 

The precipitate was found to contain 26*51 per cent, of chlorine, 
but only 0*79 per cent, of silicon. It was, therefore, chiefly aniline 
hydrochloride from which all traces of silicon tetrachloride had not 
been washed out. The action of hydrochloric acid on the silicon 
compound is therefore represented by the equation— 

Si(NHPh)* + 8HC1 = SiCh + 4NH a Ph ? HCl 

There was not any evidence that. a hydrochloride of sIIicotetra- ,, " , ' : ' 
' phenylamide was formed at any period of the reaction^ The, insolu¬ 
bility .'of aniline hydrochloride in benzene doubtless facilitated the-L 
action of hydrochloric acid.'. :,/■! 

; SUicotetraparatohjlamide . ' 

vy Ai 'an early 'stage of this investigation, If was found'that para- and 
■ "react with the silicon haloids in, a manner simdarfot! 
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aniline. As paratoluidine is most easily obtained in a state of purity, 
owing to the readiness with which it can be crystallised, I shall first 
state the results obtained with it. 

To 2*54 grams of pure paratolnidine dissolved in benzene, 50 grams 
of silicon tetrachloride, also mixed with benzene, were added. An 
immediate separation of the hydrochloride took place, and when the 
whole of the reagents were mixed the hydrochloride was collected, 
washed with benzene, quickly dried and weighed. 170 grams of the 
imperfectly washed hydrochloride were obtained, whereas the follow¬ 
ing equation requires 168 grams :— 

SiCLt + SNH 8 -C 7 H 7 = Si(NH-C 7 H 7 ) 4 + 4XH,-C 7 H 7j HCL 

There is, therefore, practically complete separation of the hydro¬ 
chloride, and nothing but the silicon compound could remain in solu¬ 
tion. The latter had most of the benzene distilled from it, as in the 
case of the aniline compound; the residue was then mixed with 
carbon bisulphide which separated a very small quantity of hydro¬ 
chloride, and the filtrate from this was then distilled down to a small 
bulk; on cooling it became semi-solid owing to the separation of 
botryoidal masses of crystals. The, product was purified, with con¬ 
siderable loss, by pressure and recrystallisation from benzene, and 
was finally precipitated from its benzene solution by light petroleum 
and dried for analysis. 

I. 0*859 gram gave 0*115 of Si0 2 . Si = 6*24 per cent. 

II. 0*6192 gram gave 0*081 of Si0 2 * Si = 6*10 per cent. 

III. 0*2315 gram gave 0*15 of H 2 G and 0*6285 of CO,. H = 7*17 
and C = 74*04 per cent. 

1Y. 0*2374 gram gave 24 c.c. of 1ST at 12° and 767 mm. 1ST = 12*04 
per cent. 

Y, 0*213 gram gave 21*15 c.c. of hi at 14° and 771 mm. 35T = 12*15 
per cent. 

The results* agree with the formula— 

Si(hTHC 7 H 7 ) 4 . 

Experiment. 

Calculated. L II. 


Si... 6*19 6*24 6*10 

C. 74*35 ' . 74*04 — 

H ........ 7*08 7*19 — 

hT. 12*38 12*05 12*15 


# The combustions were made with mixtures of lead chromate and copper oxide. 
As in the case of silieotetraphenylamide, the temperature required at the end was 
high ; moreover, in the nitrogen determinations, sensibly half the gas was quickly 
obtained, whilst the rest came off very slowly* 
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Silicoparatolylamide crystallises in small botryoidal aggregations 
of Hue needles which are colourless and transparent. They fuse at 
181—132°, and decompose when more strongly heated, yielding 
paratoluidine. The compound is freely soluble in benzene, carbon 
bisulphide, and anhydrous ether, but is dissolved to a small extent 
only by light petroleum, which can, therefore, be used to precipitate 
it from its solution in the other liquids. It is decomposed by alcohol 
and wafer. 


Silicotetraorthoto ly lamide, 

In order to prepare this compound, 253 grams of pure redistilled 
orthotoluidine, mixed with twice its volume of benzene, was treated 
as in the former cases with silicon tetrachloride (50' grams) diluted 
with 4 vg3s» of benzene. ■ Ortho toluidine hydrochloride did not begin 
to separate until about one-fifth of the silicon chloride had been 
added, as it ig' more soluble in benzene than the para-compound. 
After complete mixture of the reagents, the whole was allowed to 
stand overnight and the hydrochloride then filtered off. The benzene 
was slowly distilled from the filtrate, and at the end the temperature 
was raised to 110°, while a current of dry hydrogen was passed over 
the residue to aid the removal of benzene. A thick, somewhat crys¬ 
talline magma remained which was treated in the' cold with carbon 
bisulphide. The bisulphide left 30 grams of ortkotoluidine hydro¬ 
chloride undissolved, which with 137 grams separated in the first 
treatment, gave a total quantity of 167 grams instead of the theo¬ 
retical yield of 168 grains from the ortho toluidine taken, if the 
following equation expresses the change:—• 

SiCl 4 + 8HH a *C 7 H 7 = Si(NB>C 7 H 7 ) 4 + 4N T H 2 -C 7 H 7 ,HC1. 

The carbon bisulphide solution was concentrated by distillation, 
during which operation a further small, quantity of hydrochloride 
separated and was removd. When heated on the water-bath until 
carbon bisulphide ceased to pass over, the residual liquid refused to 
crystallise pa cooling. It was then exposed as a thin layer under 
the receiver of an air-pump which was frequently exhausted during 
10 days, at the end of which time it gradually solidified to a crystal¬ 
line mass. 

In another ■ preparation it has been found that the use of carbon 
bisulphide can be dispensed with, and the orthotohiidine hydrochlo¬ 
ride can be completely removed from the benzene solution by addition 
of light petroleum, The silicon compound is not precipitated by 
light petroleum, unlike the para-derivative, and when the mixed 
benzene and' light petroleum solution is distilled a very thick, syrupy 
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liquid remains, wliich after long ex:posui*e in a vacuum gradually yields 
a quantity of minute needles of the silicon compound. 

When purified as completely as possible, by quick washing with 
light petroleum and by pressure, a specimen of the crystals gave the 
following analytical data:— 

I. 1*6105 gram gave 0*2204 of Si0 2 . 

IL 0*3366 gram gave 35 c.c. 1ST at 18° and 767*5 mm. 

These results agree with the formula— 

Si(NH*C 7 H 7 ) 4 . 

Calculated. Experiment. 


Si. 6*19 6*38 

N. 12*38 12*06 


Silicotetraorthotolylamide forms small, colourless, transparent 
prisms, which do not readily form aggregations. They are very 
easily soluble in benzene, carbon bisulphide, and light petroleum, 
and consequently are difficult of complete purification. Water and 
alcohol decompose the compound. 

SllicotetrcmaphtJiylaymdes. 

It was obviously desirable to ascertain whether double ring amidic 
compounds, such as the naphthylamines, interact with silicon haloids 
in a manner similar to those which include a single benzene nucleus. 
The following results prove that the two naphthylamines afford 
silicon-derivatives analogous to those obtained from aniline and the 
toluidines. 

It was found that the /hnaphthylamine derivative, like the para- 
toluidine product, was that most easily obtained in crystalline form; 
the a-naphthylamine derivative being even less disposed to crystal¬ 
lise than that afforded by orthotoluidine. 

Silicotetrabetanaphthylamide was produced on the addition of a 
benzene solution of 10 grams of silicon tetrachloride to 67*3 grams of 
pure jS-naphthy 1 amine also dissolved in benzene. After separation 
of the hydrochloride produced in the reaction, the concentrated 
benzene solution was treated as already described in the other cases, 
and then with light petroleum, when numerous small nodular masses 
of slightly coloured crystals separated. These were redissolved in 
benzene, again separated by petroleum, collected, washed, pressed, 
and dried for analysis. 

I. 0*461 gram gave 0*0439 of SiO*. 

II. 0*3542 gram gave 29*5 c.c. of HT. at 18° and ,768*5 mm. 
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These results agree fairly with the formula— 
Si(NH-C,„H 7 )4. 

Calculated. Experiment. 


Si.. 4*69 4*34 

X... 9*39 9*60 


This compound in crystallising carries down with it some free 
naphthylaniine which it is difficult to remove. The purest product 
obtained is very readily decomposed by heat, while it partially melts 
and assumes a brown colour. It is soluble in benzene and carbon 
bisulphide, but is only slightly soluble in light petroleum. Like other 
compounds of the kind it is readily decomposed by water. 

SUicotetralphanaplitliylamide was produced from ^-naphthylamine 
by similar treatment, but unlike the /5-compound it was not separated 
from benzene on the addition of light petroleum. 'When the mixed 
petroleum and benzene solution was evaporated, a thick, brown oil 
separated, and this oil, after gentle heating in a current by dry 
hydrogen, slowly solidified to a mass of minute crystals. 

The best product yielded the following numbers on analysis:— 

L 0*6305 grain gave 0*061 of SiO> Si = 4*51 per cent. 

II. 0*2148 grain gave 16*7 c.e. of X at 20° and 766*5 mm. 
X = 8*92 per cent. 

Although these results show that the material was still somewhat- 
impure, the ratio of nitrogen to 'silicon is 4:1, or that required by 
the formula— 

The ^-compound is acted on by solvents, heat, and water, even more 
readily than the substance afforded by /3-naphtliylamine, but, unlike 
the latter, is rot separated in crystalline form hy light petroleum. 

I have to thank Mr. Emil A. Werner, F.C.S., for the assistance he 
has rendered in carrying out the work recorded in this paper 

University Laboratory, 

Trinity College, Dublin. 
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XLVII .—The Vapour-pressures of Quinoline . 

By Sydney Young, D.Sc., Professor of Chemistry, University 
College, Bristol. 

Four years ago Dr. Ramsay and I communicated to the Society 
(Trans., 47, 640) the results of determinations of the vapour- 
pressures of chlorobenzene, bromobenzene, aniline, methyl salicylate, 
and bromonaphthalene, and in the following year ( ibid 49, 37) of 
mercury. We have constantly made use of these liquids, as well as 
of carbon bisulphide and ethyl alcohol, the vapour-pressures of -which 
have been determined by Regnault, for obtaining constant known 
temperatures—the tube or vessel to be heated being placed in the 
vapour of the liquid boiling under known pressure. This method of 
heating possesses the two great advantages that the temperature can 
be kept constant for any length of time, or it can be altered by a 
definite amount in a very few minutes. 

With the exception of methyl salicylate, these liquids h ave given 
excellent results, but the salicylic ether is open to several objections; 
it is not easy to obtain a product of constant boiling point; the ether is 
hygroscopic, and the moisture, besides being difficult to remove, causes 
slow hydrolysis, so that the liquid, after being used for some time, is 
always found to be contaminated with salicylic acid. Good results 
have, indeed, been obtained with methyl salicylate, but its employ¬ 
ment has involved considerable loss of time owing to the necessity 
for frequent redistillation’ of the liquid, besides the preliminary very 
tedious fractionation. It appeared advisable, therefore, if possible, to 
substitute some other liquid less op en to objection, and it occurred to 
me that quinoline might give good results. This substance is sup¬ 
plied by Kahlbaum in a pure state at a moderate price; although 
it is hygroscopic, the water has no action on the compound, and is 
rapidly expelled on distillation; lastly, the boiling point (237*5°) is 
not far from midway between those of aniline and bromonaphthalene. 
Determinations were made with two samples of quinoline, one (K) 
obtained from Kahlbaum, the other (H) from Messrs. Harrington 
Brothers of Cork; the second sample required fractionation, but was 
easily obtained pure, and identical results were obtained with both. 
In the course of distillation, the following det erminations of boiling 
point were made 
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Temperature Corrected to 
Pressure. observed. 760 mm. 


K..... 749-2 236*9° 237*55° 

H.. 750*4 237*0 237*55 

H.... 751*6 237*0 237*5 

K-.. 758*3 237*4 237*5 


Calculated from constants for Biot’s formula..... 237*45° 

These determinations agree fairly well with that of Skraup, 237*1° 
at 746*8 mm., or 237*8° at 760 nun. At low pressures the determina¬ 
tions were made with the apparatus described by Dr. Bam say and 
myself; at higher pressures the thermometer was placed in the 
vapour of the liquid boiling under known pressures. 

The temperatures are those of an air thermometer; the pressures 
are . in millimetres of mercury at 0°. The thermometer was one of 
the two employed in my work on benzene and its halogen-deriva¬ 
tives (p. 489). 


Experimental Results, 
Series 1 (K). 


Pressure. 

Temp, 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

2 *55 

75 -3° 

9-3 

102*1° 

26-75 

126-05° 

70*0 

152 *15° 

2-75 

78-3 

10*65 

104*3 

29 *25 

128*6 

77-2 

154 *95 

3*25 

81 '1 

11*8 

107-4 

33*6 

132 '35 

84*8 

157 -85 

3*75 1 

83 *05 

13*6 


37-4 

134 '95 

101*3 

163 *05 

4*55 

86*55 

15*6 

113*05 

42-1 

138*1 

109*4 

165*4 

5*50 

90 *05 

17*55 

115-9 

47-3 

! 141*05 

119*7 

168 *05 

8 *15 

1 93*65 

19*1 

118 *1 

54-15 

; 144*15 

131*2 

170 *95 

7*15 

i 96*55 

21*3 | 


58-0 

148*65 

_ 

_ 

8*1 

I 99*45 



64-1 

149*5 

— 

— 


Series II (K). 


101*7 
115*65 
232 *55 
249*5 
269*2 


162 *3° 
166*85 
190.*1 
192 *65 
195 *55 


2S8 *35 

313*95 

339*35 

368*1 

395*8 


198*1° 

201*2 

204*1 

207*2 

210*1 


428 *45 

460*0 

493*0 

528*8 

568*3 


213 *2° 
216*05 
218*9 
221*9 
224 * 9o 


810 9 
656*0 
701*7 
745'3 


228-0’ 3 ' 
231*1 
233-95 
236*65 


Series III (H). 


90 *2 : 

159*15° 

159*8 

177 -35° 

263-9 

194*65° 

500*0 

93-25 

160-15 

171 -85 

179-6 

304*9 

200*15 

560-3 

107*2 

164*6 

190 *45 

183 -15 

346 *8 

205 *05 

621*1 

132*6 

171*05 

213*8 

187 -15 

400*7 

210*2 

683 *3 

,147*55 ’ 

174*5 

233 ‘2 

190-2 

448*2 

214*8 

745 *3 


219*35 
224 *25 
228*45 
232*8 
236 *55 
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The logarithms of these pressures were mapped against tempera¬ 
ture, and the logarithms of pressures corresponding to even tempera¬ 
tures read off. Constants for Biot’s formula (log = a -f b% £ -f cf$ £ ) 
were then calculated, and from these constants the pressures corre¬ 
sponding to definite temperatures—each 10° from 80° to 180 ° and 
each degree from 180° to 240°—-were recalculated. 

The constants for Biot’s formula are— 

a — 0*78/142 

b = 2*510713 # log b 

c — —2*806455 log c 

log * =0*00047375 log /3 

t = f C - 80. 

The calculated pressures are given, in the following tables :— 


I. 


Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

i 

Pressure 

80° 

3*10 

130° 

31 *02 

ISO 0 

172 *4 

230° 

641*3 

90 

5*21 

140 

45 *49 

190 

230 *4 

240 

804*6 

100 

8*48 

150 

65 *31 

200 

303 *4 

— 

— 

110 

13 *42 

160 

| 91*90 

210 

394 *2 1 

— 

— 

120 

20 *66 

170 

! 126 *9 

220 

503*7 ! 

— 

— 


= 0*3997970 
= 0*4481581 
= 1*99682426 


IL 


180° 

172 *4 

196° 

272 *2 

212° 

414*7 

228° 

612*1 

181 

177 -6 

197 

279 *7 

213 

425 *3 

229 

626*6 

182 

182*9 

198 

287 *4 

214 

436*1 

230 

011 3 

1S3 

188*3 

199 

295 *3 

215 

447 T 

231 

056 *3 

184 

193 -9 

200 

303 *4 

216 

458*4 

232 

071-0 

185 

199 *6 

201 

311 *6 

217 

469 *9 

233 

687*2 

186 

205 *5 

202 

320 *0 

218 

481:6 

234 

703*1 

187 

211*5 

203 

328*6 

219 

493 *5 

235 

719*3 

188 

217*6 

201 

333 *7 

220 

505*7 

236 | 

73 j * i 

189 

223 *9 

205 

346 *4 

221 

518*1 

237 | 

752*5 

190 

230*4 

206 

355*5 

222 

530*8 

238 

769 *5 

191 

237*0 

207 

364*9 

■ 223 

543 *7 

239 

786 9 

192 

243 *7 

203 

374 *5 

. ■ 224 

556*9 

240 

801*6 

193 

250 *6 

209 

384 *2 

225 ' ! 

570 *3 


— 

194 

257 *6 

210 

394*2 

226 

581*0 

—~ 

—, 

195 

264*8 

211 

404*3 

227 ' 

597 *9 

i 

— 



XLVIII .—On the Vapour-pressures and Specific Volumes of Similar 
Compounds of 'Elements vn relation to the Position of those Elements 

in the Periodic Table, Part I. 


By Sydney Young, D.Sc., Professor of Chemistry, University College, 

Bristol, 

At the meeting of the British Association held in Aberdeen in 1885, 
it was pointed out, in a paper published jointly by Dr, Bamsay and 
myself, (1) that when different substances are compared at tempera¬ 
tures at which their vapour-pressures are equal, the product dpjdi . T 
(where T is the absolute temperature) is approximately a constant, and 
that for nearly related compounds, such as ethyl chloride and ethyl 
bromide, or chlorobenzene and bromobenzene, the products appear to 
be really equal; (2) that if these values of dp/di . T are compared at 
a series of equal pressures, their ratios to each other remain approxi¬ 
mately unchanged with alteration of pressure, and that for nearly 
related bodies they remain identical at all pressures for which data are 
available. If the values of dp/dt . T for any two compounds are 
identical throughout the series of equal pressures, it follows that the 
ratios of the absolute temperatures themselves must be also constant 
at equal pressures; in other words, the ratio of the boiling points, 
expressed in absolute temperatures, must be constant whatever the 
pressure., In the majority of cases, however, in which the values of 
dp/di . T are only approximately equal at equal pressures, and where 
the ratios of these values to each other do not remain quite unchanged 
with alteration'of pressure, the ratios of the boiling points cannot be, 
quite constant at all equal pressures. It was found, however, that for 
a range of pressure at any rate from about 100 to 3000 or 5000 mm., 
the relation expressed by the equation B/ = E -f c(f — f) is applic¬ 
able to any two substances, whether nearly related or not. 

IT is the ratio of the absolute temperatures at a pressure p\ B the 
ratio at p ; if and t are the temperatures of one of the' two substances 
corresponding to the two pressures p f and p; c is a constant, which 
for nearly related bodies = 0, when B / B. 

, These and other generalisations are fully described in the Phil 
Wag, (Dec,, 1885, and Jan., 1886 ). 

I am, at present engaged in a study of the vapour-pressures and 
Specific volumes of the halogen-compounds of a number of elements, 
m order to find whether the ratios' of the boiling points .(in absolute 
temperatures) of, similar compounds of elements which belong' to the 
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same group in tlie periodic table are constant at all equal pressures, 
and whether any such simple relation holds good for the specific 
volumes* But before doing this it seemed desirable to compare the 
halogens among themselves, and for this purpose the mono-substitu¬ 
tion products of benzene were chosen, as they are all stable sub¬ 
stances, and can be obtained in a state of purity. At the same time, 
the vapour-pressures and specific volumes of benzene itself were 
determined, in order to ascertain the effect of substituting am atom of 
hydrogen for an atom of a halogen. 

The present paper contains details of determinations of the vapour- 
pressures and specific volumes of benzene, fiuorbenzene, chloro¬ 
benzene, bromobenzene, and iodobenzene within the widest attainable 
limits of temperature and pressure, followed by au account of the 
deductions drawn from the data obtained. 

Preparation of the Pure Substances. Benzene. —A sample of care¬ 
fully purified benzene, prepared by Dr. Ramsay and myself for our 
determinations of the vapour-pressures of solid and liquid benzene at 
low temperatures, was employed {Phil. Mag., 1887, 61). 

Fiuorbenzene. —This compound was prepared, as described by Wallach 
(Annaleii 235, 255), also Wallach and Heusler (ibid., 243, 219), by 
the action of concentrated hydrofluoric acid on henzenediazopiperidide, 
CeHa'RINil’C 5 Hi 0 . After fractionation, rather more than 50 grams of 
the pure product was obtained; it boiled with perfect constancy. 


Substance. 

Pressure 
in mm. 
reduced 
to 0°. 

Boiling 

point. 

Boiling point under 760 mm. 
pressure. 

From ob¬ 
served b. p. 

Calculated from 
Biot’s formula. 

Benzene* . 

753'4 

79-9 

80 *2 

80 *25 

Eluorbeuzenef . 

764 *2 

85*3 

85 -1 

85*2 


769*0 

85*6 

85*2 

_ 


730 *4 

83*85 

85-15 

,— 

Chlorobenzene^. 

— 

...— 

— 

132*0 

Bromobenzene}..... 

— 

? 

— 

156 *0 

Iodobenzene... 

744*1 

187*55' 

188*45 

188*45 


746*3 

187*65 

188*4 

— 


752*3 

188*05 

188*5. 

— 


756 *4 

18S *2 

188*4' 

— 


758*1 

188*35 

188*45 



* Bam say and Young (loe. cit.). 

f Wallach and Heusler {lac. cit), 85° ; Paterno and Oliver! (Trans. Chem. Soc 
46, 420), 85-86°. 

J Chlorobenzene and bromobenzene were used for the calibration of the thermo¬ 
meters (Ramsay and Young, Trans. Clwm. Soc. t 1885,47, 640).' 
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Chlorobenzene , Bromobenzene, lodobenzenc .—Tliese substances were 
obtained from Rahlbaum; they were repeatedly fractionated until 
products were obtained with, perfectly constant boiling points. 

Tlie table (p. 487) gives the boiling points of tliese substances as 
actually observed under atmospheric pressure, and also reduced to 
760 inm. pressure. As determinations by other observers are given in 
Cariieiiey’s tables, it seems unnecessary to reproduce them here. 


Specific Gravities and Specific Volitates. 

The specific gravities (masses of I c.e.) were in each case deter¬ 
mined in a Sprengel tube of the form recommended by Perkin; the 
weighings -were reduced to a vacuum. The liquids were always 
redistilled immediately before the determinations, which were carried 
out first at 0° and then at about the atmospheric temperature, the 
Sprengel tube being* placed in cold water of constant temperature..... " 


Substance. 

Temperature. 

Specific gravity 
or mass of 1 e,e. 

Specific volume or 
volume of 1 gram. 

Benzene . 

0° 

0*90006 

1 -11104 

Fluorberzene... 

IS 

0 -SS118 

1*13484 

0 

1 ’04653 

0-95554 

Chlorobenzene.. 

12*86° 

1*03149 

0*96947 

0° 

1 *12786 | 

0*88684 

' ............ 

0 

1*12787*' 1 

_ 

1<t .. 

16 *0° 1 

1*11093 

0*90015 

Bromobeiizene.. 

0° 

1*52182 

0*65711 

.. 1 

14*55° 

1*50242 

0*66559 

lodobenzenc?. ! 

0° 

1*86059 

! 0*53746 

- . 1 

15*21° 

1 *S3798 

0*54407 


The results of determinations by other observers are given in 
Clarke’s “ Constants of [Nature,” Part I, but it is unfortunately 
not stated in any case whether the specific' gravities are compared 
with water at 4°, at 0°, or at the same temperature as the substance. 
As the, error at 0° must be inconsiderable whether the water were 
taken at 0° or 4 D , I give the results at this, temperature for the sake of 
comparison. 


# Second determination some months later. 
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Substance. 

Observer. 

Reference. 

Sp. gr. at 0°. 

Benzene -... .. 

Warren .. 

Jahresb., 18, 515 ....... 

0‘8957 

0 *89911 

35 ...... 

55 ...... 

Kopp.. 

Louguiiiine ... 

JBogg. Ann., 72, 243 .... 
Ann. Chun. Thys. (4), 11,; 


Pisati and Paternb.., 

453 .. 

Trans. Chem. Sac., 27, 

0-8995 


Adrieenz .. 

6S6 .. 

Sprichte i 6 } 442. 

0 *89949 

0 *90023 


Dieff.. 

J. pr. Chem. (2), 27, 

Pluorbenzenc.. 

?» * 
Chlorobenzene . 

Wallach............ 

36S. 

A nntilp.n : 285 255 _ _ , T T 

0 *9000 

i 1 ‘024 (at 20°) # 

: 1 *0236 (at 20°) # 

Wallach and Heusler. 

„ 243,221...... 

Jungfieisch .. 

tJahresb. : 21, 343 

; 1*1293 

1*12855 

1*12818 

1 *519 

Adrieenz .. 

JBerichte, 6, 443. 

33 * 



1) 

Bromobenzene. 

1 Ladenburfir.. 

JBeriehte, 7, 1085. 

33 * 

1 ® 

55 •**•*•*».. 

1 3 3) ....... 

1*522 


Adrieenz.. 

„ 6, 444... 

1*51768 

1*5203 

35 

Weger.... 

Annaten , 221, 61... 

J 3 * 

Iodobenzene ... 

Sehiff. 

JBeibldtier, 9, 559 . 

1*8578 




Vapour-pressures below 760 mm. 

These were for the most part determined hj means of the apparatus 
described by Dr. Ramsay and myself (Trans., 1885, 47, 48), but 
two vertical tubes were connected with the condenser so as to admit 
of two temperature readings being taken at each pressure. The 
numbers given are not ^infrequently the means of several pressure 
and temperature readings taken within very narrow limits. The 
thermometers contained air and were heated for 10 days to about 
285° before calibration. In order to calibrate them, they were placed 
in melting ice and in the vapours of pure liquids boiling under known 
pressures; the zero points were redetermined from time to time, but 
were found to remain very nearly constant. 

In the case of iodobenzene, for pressures above 250 mm,, it was 
found better to boil the liquid in a bulb fused to a wide, vertical tube 
connected with a gauge and pump, and to place the thermometers in 
the vapour of the boiling liquid. 

The vapour-pressures of benzene have been already determined by 
Dr. Ramsay and myself from the lowest pressures to 760 mm., and 
those of chlorobenzene and bromobenzene from moderately low 
pressures to the atmospheric pressure. It was, therefore, necessary 
to determine the vapour-pressures of chlorobenzene and bromobenzene 

# Rom the curve drawn from my determinations of the molecular volumes of 
fiuorbenzene the specific gravity at 20° would be 1*0225*, the value 1*0236 by 
Wallach and Heusler is given in terms of water at 4°* 

VOL. LY. , 2 M 
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Table I.— Fluorhenzene. 


Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

Temp. 

Pressure. 

8 *95 

— 17 "S5 3 

29*4 

6*05° 

111-3 

33 *3° 

339 *2 

S'lo 

-15*1 

30*2 

6*85 

125-7 

36*05 

364 *0 

9*7 

— 13*0 

31 *3 

7*3 

143 *4 

39*15 

39S-7 

10 *S5 

-11*35 

35*2 

9*5 

161-7 

42 *05 

437 *0 

12*0 

-9*45 

37 *5 

10*65 

1S7-5 

45 * 55 

480 *0 

18*0 

— S *05 

44 *45 

13 *85 

219*9 

49*6 

522*5 i 

14 *85 

— 5 *95 

51 *55 

16*75 

222 *S ' 

49*9 

563 *05 . 

16 *05 

—4 *55 

59*0 

i 19*5 

197*2 ! 

48*9 

588*4 j 

17*8 

-3*0 

68*25 

22*0 

201*6 i 

47*6 

613*1 | 

19*05 

-0*95 

78*85 

24*9 

206*25 ! 

48*1 

61S *6 

21*05 

+ 0 *15 

86*45 I 

27 *5 

246*75 

52*6 

624-r 

23*1 

1*8 

99*0 | 

1 30 *6 

24S*9 

! 52*95 

633*2 

24*1 

2*6 

— ; 

— 

282*1 

56*2 

659‘S' 

26 *1 

i 4*1 

89*05 

28*25 

2S3 *8 

I 56*4 

694*2 

27*1 

! 4*7 

97*5 I 

30*35 

320*2 

| 59*6 

730*4 


Chlorobenzene. 


3*15 : 

2*95° 

11-43 

24 *75° 

16 *9 

’ 31*85° 

5S *5 

57-24 

5 * Oo j 

10*15 

12*5 

26*45 

18-1 I 

33*0 

Cl -43 

58 *65f 

5*35 ! 

11*55 

13*15 

27 '3 

20-73 | 

; 35 *45 

78-1 

64*2 1 

6 *4 ! 

1ST 

14*35 

28*7 

24*8 ! 

| 38*95 

79-1 

64-55 i 

8 *45 1 

19*8 

14 *S 

29 *25 

35*3 j 

! 46*25 

111 -5 

73-05 1 

10*5 | 

23 *25 

15*8 

30*3 

36*4 1 

! 47*0 

170-85 

84-2 v « 


Bromohemene. 


4*9 

27 *2° 

13 *65 

45 *9° 

46 *0 

71-4° 

81-7 

85*2° 

5 *15 

28*4 

16*8 

49 *8 

46 *95 

1 71*7 

104*35 

01-7 

5*7 

! 30*2 

20*05 

54*15 

47-6 

72 -o 

133*6 

99-15 

6*1 

31*15 

25 *15 

i 58*25 

59*05 

77*3 


— 

8*1 

30 *2 

30*9 

62*55 

59 *85 

77*05 

— 

— 

10*1 

40*35 

37*5 

67*2 

79 *3 

84*45 

— 

**"— 


lodobenzem . 


1*6 

29 *8°' 

32 *0 

88 *75° 

107*9 

120-65° 

202 *4 

139-7° 

■1 *8 

83*0 

30*15 

91 *55 

10S-7 

120*9 

231 -85 

144 *0 

2 *7*> 

40 1 

41 *0 

94*75 

123*5 

124*05 

261 -75 

148 *15 

3-83 

46*3 

— 

— 

154*2 

130*5 

302*3 

153*1 - 

■ 5*65 

52 *5 

30 *2 

87*45 

176 ‘45 

135*95 

336*3 

150 *8' 

7*0 

57*0 

36*15 

91 *6 

182 *05 

136 -7 

370 *55 

160 *2 

8*9 

01 -45 

50-15 

100*35 

214*2 

142*0 

404*2 

163*5 

„ 10*4 

‘ 64*5 

50 *7 

100*5 

256*3 i 

147 *65 

i 442*6 

: 166-8 

12*2 

67 *8 

51*9 

101 *4 

260*95 1 

148*25 

1 489*6 

i 170-65 

14*45 

70*9 

02 *4 

105*65 

— 

— 

! 532 *9 

173-8 

17 *0 

74*45 - 

71*75 

109 *5 

121*15 

123*9 

' 581*4 

177-33 

20 1 *25'. 

78 *4 

83*1 

113 *4 

134*0 

126 *85 

1 639 *4 

181-2 

■ 23*75 

81*9 ■ : 

94*8 : 

116*95 

154*7 

131 *2 

683 *2 

184-0 

27*55 

85*5 

96*3, 

117*35 

177*95 

135 *5 

756*4 

188-2 
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only at the lowest temperatures, but those of fluorbenzene and iodo- 
benzene through the whole range of temperature. 

The results obtained are given in the table (p. 490). 

The logarithms of the pressures were mapped against the tempera¬ 
tures, and the logarithms of the pressures corresponding to equal 
intervals of temperature read off. The corresponding pressures are 
given in Table III, p. 501. 

Constants at High Temperatures* 

The apparatus is similar in principle to that employed by Dr. 
Ramsay and myself ( Phil. Trans., 178, A, 59) in our joint re¬ 
searches ; it is, however, larger, and is modified in certain details. 

The corrections for pressure were the same as those previously 
adopted (Ramsay and Young, Phil. Trans., 1886, Part I, 124), but 
in addition the length of the comparatively short heated column of 
mercury was reduced to 0°; this correction is of very slight import¬ 
ance in the case of volatile substances such as those previously 
studied, but becomes considerable—relatively to the vapour-pressure 
—with high boiling substances, such as hromobenzene and iodoben- 
zene. The vapour-pressure of mercury was not subtracted from the 
read pressures, for the liquid was always condensed completely 
immediately before taking readings of vapour-pressure, and the mer¬ 
cury vapour could not possibly make its way to any appreciable 
extent through the long column of liquid above it during the short 
time required for taking readings. Even with a gas above the 
mercury in these long, narrow tubes, the mercury vapour does not 
attain its full pressure for some hours, and with a liquid the progress 
of the vapour would be retarded to a very much greater extent. 

The temperatures are in all cases those of an air thermometer, and 
the pressures, since they are corrected for deviation of air from 
Boyle's law, are expressed in true millimetres of mercury at 0°. 

In most cases, two series of determinations of vapour-pressure were 
made, the first with a large quantity of liquid, the second with about 
one-tenth of the amount, and in both series readings of pressure were 
taken at several different volumes; it will be seen that the two series 
give concordant results—a proof of the purity of the liquids. 

The results obtained are given in the following tables ; the means 
of all pressures at each temperature are given in Table III. 
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Benzene (continued). 


Temp. 

Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

250° 

22181^ 
22199 j 
22181 
22161 | 

22190J 

221 S2 

280° 

328011 
32757 
32774 
327S9 
32789j 

- 

327S2 

260° 

253391 

25326 

25309 

25320 

25349, 

- 

25329 

2S4-3 
286 T 
288 *0 
f 288 -5 
\ Critical 

point 


34594 ' 
35436 
, 36226 

363951 

210 ° 

28858^ 

2S840 

28842 

28861 

28858, 

► 

28852 


i 

i 

i 




Fluorbenzene. — 1.\ 


90° 

8831 

883 

882 

883 

882, 

- 

882‘5 

130° 

25331 

2534 

2536 

2537 
2537, 

r 

i 

i 

2535 

100° 

11780 

1176 

1177 
1177 
1177J 

> 

1177 

140 

31711 

3172 

3173 
3172 
8172J 

i 

r 

; 

3172 

110° 

1542"] 
1542 
1542 
1541 
1543j 

! 

i 

t 

1 

! 

1542 

150° 

39281 

3926 

3922 

3929 

3927, 

1 

r 

1 

3926 

120° ! 

1989^ 

1989 

1989 

,1989 

1990, 

> 

1989 

150° 

3937"" 1 
! 3932 

3931 
3929 
3929, 

* 

3932 

130° 

2524" 

2524 

2523 

2525 

2524 

* 

; 

2524 

160° 

4831" 

4836 

4828 

4824 

4825 

- 

4829 
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Fluorbenzene.—I ( continued ). 


[Temp. 


Pressure. 


170° 


ISO 0 


ISO 0 


190° 


200 ° 


210 ° 


220 0 


5848 ^ 
5845 | 
5836 
5839 I 
5839J 

70001 
6998 { 
7002 f 
6996 J 

70011 
7004 I 
7014 f 
7022J 

S3691 
8373 [ 
8379 f 
8385J 

99041 
9899 [ 
9898 f 
9S95J 

116251 
11613 [ 
11616 f 
11615 j 

135591 
13562 I 
13549 f 
13553j 


Mean. 


5841 


6999 


7013 


8376 


9899 


11617 


13556 


Temp, | Pressure. 


220 ° 


230° 


240° 


250° 


260° 


270° 


275° 

279*95 


135661 
13564 | 
13550 
13552J 

157651 
15725 
15726J 

18160] 

18171 

18181J 

20934' 

20906 

20904, 

23948 

23957 

23964 

27355 

27350 

27362 


Mean. 


1355S 


15739 


18171 


20915 


23956 


27356 


29200 

31204 


jSeries II 


220 0 

13545"] 

! 


240° 

18153') 


! 

i 


13532 j 

1 



18154 


: 


18535 ! 

[ 

13536 


18143 

r 

18151 


13538 

i 



18147 




13529j 

1 



18158j 



\ ,230° 

157291 



250° 

209121 




15708, 




20891' 1 




’ 15703 ; 


15709 


' 20893 : 


20896 


■ 15704'' 




20889 ! 




15703^ 

■ j 



, 20895j 
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\Fluorbenzene .— Series II ( continued ). 


Temp. | Pressure. Mean. 

260° ! 24005') 

i 23963 | 

23962 J> 23964 

23939 

23952 J 

270° 27390') 

27371 | 

27365 j- 27370 

27375 I 
27348J 


Chlorobenzene. —J. 



Temp. 

Pressure, j 

Mean. 

280‘6° 

1 j 

314621 
31432 1 
31458 f 
31470J 

31455 

283 *3° 

— 

32569 

285*7 

— 

33608 

[286 *55 
\ Critical 

point 

339121 
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Series II. 
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A few determinations at Liglier temperatures are given later on. 


Bromobenzene.—L 


Temp. 


Pressure. 


Mean. 


•Temp. 


Pressure. 


Mean. 


170° 

180° 

180° 

190° 

200 ° 


210 ° 


10771 
1079 I 
1079 f 

1080J 

13481 
1349 [ 
1351 f 
1352J 

13581 

1361/ 

16811 

1681 I 

1682 f 
1684J 

2074 T 

2075 \ 
2077 f 

2082j 

25191 
2520 [ 
2519 f 
2526J 


1079 


1350 


1359 


1682 


2077 


2521 


220 ° 


220 ° 


230° 


240° 


250° 


260° 


30501 
3049 V 
3054 J 

30511 
3051 V 
3060 J 

36461 
3655 V 
3669 j 

43541 
4358 V 
4364 j 

51521 
5154 V 
5157 J 

60561 
6056 V 
6074 J 


3051 


3054 ' 


3657 


4359 


5154* 


6062 


Series IL 


8461 



180° 

1354"] 


846 


QA£* 


1356 


846 

* 

oio 


1357 

r 

846J 




1357 





. 1358 , 


1071") 




: 

1073 



190° 

1684^ 


1073 

> 

1074 


1684 


1075 




1685 

- 

1076 j 




1684 


i . ■ 



1685 j 


134-7'' 





1348 



200“ 

2076'' 


1347 


1348 


2076 


1349 




2076 


1348 i 




2073 





2074_, 



1356 


1684 


2075 
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Bromobenzene.—Series II (continued). 


Temp. 


Pressure. 


210 " 


220 ° 


220 ° 


2332 ^ 
2530 I 
2529 i> 
2528 1 
252SJ 

3058") 

3054 i 

3055 
3057 | 
3056 J 

30561 
3049 I 
3048 f 
3048 J 


230 c 


36621 
3660 I 
3659 f 
3657j 


Mean. 

Temp. 

Pressure, j 

1 

Mean. 


240° 

! 43661 



2529 


4368 | 
4359 1 

> 

4360 



4353 J 

i 



250° 

51591 

i 1 



1 

5160 | 
5160 j 

r 1 

5160 

3057 


5160 J 

1 



260° 

60961 

1 




60981 
6089 | 


6090 

3050 


6077J 

! 



270° 

71181 





7106 





7108 

> 

7105 

3659 


7096 
7096_j 




lodobenzene .—J. 
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Series II 


Temp. 

J Pressure. 

Mean. 

Temp. 

Pressure. 

Mean. 

220° 

1521') 

1521 
1523 

1522 | 
1520^ 

> 

1521 

250 3 | 

27cnn 

2703 
2701 
2699 
| 2694j 

> | 

2700 

230° 

1852 ^ 
* 1853 
1856 
1856 
1854, 

> 

1854 

260° 

l 3216"] 

! 3217 

! 3217 

3214 
j 3214, 

> 

3216 

240° 

2246"} 
2245 j 
2251 J. 
2248 | 
2244J 

224/ 

270° 

3812*1 
3812 [ 
3810 Y 
3S10 j 
380S J 

! 

j 3810 


lodobenzene undergoes slow decomposition, shown by the gradual 
coloration of tbe liquid, when exposed to light at the ordinary tem¬ 
perature. At higher temperatures this is much more rapid, and it is 
also to be observed with bromobenzene, at any rate in contact with 
mercury. In the experiments with these substances at high tempera¬ 
tures, the tube was therefore carefully shielded from the light, and 
the decomposition w r as thus prevented in the case of bromobenzene, 
and was reduced to a very small amount with iodobenzene; but it 
was evidently not entirely prevented, for, after being heated to 270°, 
the liquid when cold contained a few fine, needle-shaped crystals. 

In calculating the mean pressures from the results of the two 
series, greater weight has been given, in the case of chlorobenzene 
and of bromobenzene, to the second series, as the results are in all 
probability rather more accurate. 

From the mean pressures at high temperatures and the pressures 
read from the curves at low temperatures, the constants for Biot’s 
formula, logy* = a -f ba ( -f e/^ } were calculated. 

These constants are— 

Benzene . 

a = - 8-518142, 

h = 12*126708 log h = 1*0837430 

c = — 2*184666 log c = 0*3393850 

log *=0*0001302029 log /3 1*99589589 

i = i° 0 ; 
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YOUNG: YAPOUR-PRESSTKES, ETC., OF 


Flnorbenzene. 
a = 3*193520. 


1 = 

0*850980 

log b = 1-9299191 

c = 

-2*723934 

log c — Q'4351967 

log a 

=0*000942654 

log p = 1-99636976 


t = t* C. 


Chlorobenzene . 
a = 2*392256. 

h = 1*317190 log b = 0*1196485 

e = — 2*523336 log e = 0*4019752 

log *=000075845 log p = 1*99640773 

= £° G — 30. 

Bromobenzene , 
a = 6*481438. 

5 = -4*284691 log h = 0*6319196 

c = -1*443167 log c = 0*1593166 

log * =1*99904908 log p = 1*99510535 

i = *° C - 30. 


lodobejizene. 
a = 3*259593. 

5 = 0*412170 log 5 = 1*6150762 

c = —3*501503 log c = 0*5442545 

log *=0*001421982 log p = 1*99675426 

£ = f 0 - 30. 

Tlie following table contains the observed and calculated vapour- 
pressures of the five liquids at definite temperatures. The pressures 
below 760 mm. are by the dynamical method, the higher ones by the 
.statical; those included in a bracket are taken from previous papers 
by Dr. Bamsay and' myself. 



Table III. — Benzene, 


BENZENE AND ITS HALOGEN DERIVATIVES. 
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.Solid lumzcnp. 
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YOUNG: VAPOUR-PRESSURES, ETC., OF 


Fliiorbenzem. 


Temp. 


Pressure. 


Temp. 

Pressure. 

. . 

Observed. 

Calculated. 

Diff. 

Observed. 

Calculated. 

Diff. 

-20 c 

0 To 

6 *15 

0*00 

140° 

3172 

3173*0 

41*0 

-10 

11 *00 

11*61 

4 0*06 

150 

3929 

3931*4 

2*4 

0 

20*92 

20*92 

0*00 

160 

4829 

4816*7 

-12 *3 

10 

36 *40 

36 TX 

—0*29 

170 

5841 

5841*6 

40*6 

20 

60 *54 

59-93 

-0*61 

ISO 

7000 

7018*9 

12*9 

30 I 

96*61 

95*94 

-0*67 

190 

8376 

8363-5 

-12*5 

40 ! 

149*6 

148*56 

-1*04 

200 

9899 

9890*5 

-8*5 

50 

223*9 

223*16 

-0*74 

210 

11617 

11617-0 

0*0 

00 

; 325*1 

326*02 

40*92 

220 

13550 

13561*0 

411*0 

70 

403*5 

464*30 - 

i 0*8 

230 

35724 

15745*0 

21*0 

so 

644*9 

645*98 

j 1 'OS 

210 

18161 

18190*0 

29*0 

m 

883*0 

879*73 | 

; — 3 *27 

250 

20906 

| 20924*0 

18 *0 

100 

1177 *0 

1174*9 ; 

—2*1 

260 

23960 

! 23977 *0 

17.-0 

110 

1542*0 

1541*3 

-0*7 

270 

27363 

27384*0 

21*0 

120 

19S9*0 

19S9 *2 j 

40*2 

280 

31217* 

31182*0 

-35 *0 

130 

2530 *0 

2529*5 j 

—0 *5 

— 

— 

— 

— 


# Calculated from pressures observed at 279*95° and 280 *6°. 


Chlorobenzene . 


0 

2-52 

2*56 

40*04 

ISO’ 

1206 

1206 *0 

0*00 

10 

4*86 

4-86 

0*00 

160 

1534 ' 

1528*3 

-5*7 

20 

8*76 

8*88 

0*07 

170 

1920 

1912 -8 

-7*2 

30 

15 '45 

15*35 

-0T0 

180 

2370 

2367-2 

— 2 *8 

40 

26-00 

25*68 

-0*32 

190 

2902 

2899 *4 

— *2 *6 

50 

41*98 

41 *46 

-0*52 

200 

3521 

' 3518*3 

-2-7 

60 

65 *54 

64*78 

-0*76 

210 

4229 

4233 *0 

4 4 ‘0 

70 


f 97*9 

98*22 

4 0 *32 

220 

5056 

5053 *8 

— 2*2 

SO 


144-75 

: 144*88 

0*13 

230 

5989 

5991*8 

42*8 

90, 

■ 

203*35 

208*35 

0*00 

240 

■ 7048 

7059 *6 

11*6 

100 


292*75 

292*76 

0*01 

250 

8270 

8270*5 

0*5 

110 


402*55 

: 402*72 

0*17 

260 

: 9647 

9639 *8 

-7*2 

120 


542*8 

54*3*31 

! 0*51 

270 

i 11188 

11185 *0 

-3*0 

130 


,718 '05 

720*03 

1*08 

280 

— 

12925*0 

_ 

140 

939'*4 

938*84 

-0*56 

j 

— 1 

— 

— 
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Bromobenzene . 


‘Temp. 

Pressure. 

Temp. 

Observed. 

Calculated. 

Diff. 

Observed. 

Calculated. 

Diff. 

30° 

5 *67 

5 *67 

o-oo 

160° 

846 

840 *S1 

— 5 *19 

40 

9*99 

10*00 

+ 0*01 

170 

1077 

1071*6 

— 5 *4 

50 

16 *96 

16-92 

-0*04 

180 

1351 

1349 *3 

-1*7 

80 

27*61 

27 *54 

— 0*07 

190 

1684 

1379 *9 

—4 *1 

70 

43 * 55 

43 -31 

—0 *24 

200 

2075 

2070*1 

; -4*9 

80 

66*22 

66*01 

-0*21 

210 

2527 

2527*0 

, 0*0 

90 

97-72 

97*80 

+ 0*08 

220 

3055 

3057 *8 

+ 2*8 

100 

i4i-i ; 

141*23 

0*13 

230 

3659 

3670 *2 

11*2 

110 

fl9S-7 | 

199 *26 

i 0 *56 

240 

! 4360 

4372 *5 

12*5 

320 

1274-9 ' 

275 *26 

0*36 

250 

5160 

5173 *0 

13*0 

130 i 

J, 372 -85 

373 *02 

0*37 

260 

6079 

60S0-8 

1*8 

140 | 

i 1 495-8 

496*73 

0*93 

270 

7105 j 

7104 *8 

’ -0*2 

150 ; 

1.649-05 

651 *0 

! 

1*95 

280 

*— 

S254*9 



lodobenzene . 


30 ° 

1 *48 

1*48 

o-oo 

160 ° 

367*3 

367-43 

+ 0T3 

40 

2'74 

2*73 

- 0*01 

170 

. 479-7 

480*4 

0*07 

50 

4*85 

4*83 

- 0*02 

180 

618 *7 

619*26 

0*56 

60 

8*30 

8*24 

- 0*06 

190 

793 *0 

787-88 

-5 12 

70 

13-65 

13-57 

- 0*08 

200 

991 *0 

990*60 

-0 40 

80 

21 *78 

21-64 

—0 *14 

210 

1232 *0 

1232*0 

0*00 

90 

33 *50 

33*50 

0-00 

220 

1520 *0 

1517*1 

- 2*9 

100 

50-23 

50*44 1 

+ 0*21 

230 

1854*0 

1851*5 

- 2*5 

110 

73 -88 

74-04 ; 

0*16 

240 i 

2246 *0 

2241*2 

- 4-8 

120 

105-4 

106*16 . 

0*76 

250 

2700*0 

2693 *2 

[ - 6*8 

130 

148 "3 ! 

148*96 ! 

0 66 

260 

3218 *0 

3214*9 1 

—.3 *0 

140 

204-9 

204*89 

- 0*01 

270 

3815 *0 

! 3815*0 : 

0 0 

150 

276-7 

276*70 

0*00 

280 

—- 

j 4503 *4 

— 


Specific Gravities and Molecular Volumes * 

- Witli the larger quantities of liquid,, readings of volume were taken 
at each tenth degree from 30° to 270° or 280°, and also at. a little 
below the atmospheric temperature with the tube cooled by a current 
of cold water. The volumes at low.temperatures were mapped against 
temperature, the curves continued to 0°, and volumes read off at the 
temperatures at which specific gravity determinations bad been made. 
In this way, data for two independent calculations of The weight of 
substance were in each case available. ’ ,. 

The data and the calculated weights are given below. 
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YOUXG: VAPOUR-PRESSURES, ETC., OF 


Substance. 

i m 

; Temp, j 

Volume 
from curve. 

| Sp. gr. 

| observed. 

Weight 
in grams. 

Mean 

weight. 

! 

! 

Benzene .......... 

o’ 

is-o° 

0*3240 

0 *3300 

| 0-90008 
! 0 8S118 

0-291S 

0 -2916 

| 0*2916 

Huorbenzene.I 

0’ 

0*5344 

: 1 -0X653 

0 ‘5593 

0-5593 

i 

\ 

12 *S6° 

0*5422 

1 *03149 

0 *5593 

— 

Chlorobenzene .... j 

0° 

0*5626 

1*12786 

0*6345 

0*6346 

j 

16 '0" 

0*5714 

| 1 *11093 

0 *6348 

— 

Bromobenzene 

0’ 

0*5216 

1*52182 

0 *7938 

0*793S 


14*55° : 

0*52835 

1 *50242 

0 *7938 

— 

lodobenzene ...... j 

0° 

[ 0*4905 i 

j 1*86059 

0*9126 

0*9123 

] 

1 

15*21° 

i 0*4967 

1 *83798 

] 0*9129 

__ 


Tlie results obtained are given in tlie following table:— 


Table IY.— Benzene . 


Temp. 

Volume 
in e.c. 

VoL of 

1 gram. 

". 1 

Molecular 

volume. 

Temp. 

VoL 
in c.c. 

VoL of 

1 gram. 

Molecular 

volume. 

0" 

_ 

1-11104 

86 *483 

160° 

0*4059 

1*3918 

108*34 

8*6” 

0*3275 

1*1230 

87*42 

I/O 

0*4140 

1*4198 

110*51 

14*5 

0*3293 

1-1294 

87-91 

180 

0*4223 

1*4480 

112 *71 

18-0 


1*13484 

88*336 

190 

0*4315 

1-4798 

115 *19 

30-0 

0 *3358 

1*1514 

89 *63 

200 

0*4415 

1*5139 

117 *84 

40 *0 

0*3400 

1 *1661 

90-77 

210 

0*4533 

1*5546 

121-01 

50 *0 

0*3444 

1*1812 

91*95 

220 

0 *4661 

1*5986 

224 ‘43 

60*0 ! 

0*3489 : 

1*1966 ! 

93*15 

230 ! 

0*4808 j 

1*6487 

128*33 

70*0 

\ 0 * 3o3o 

1 *2124 

94*37 

240 

0*4984 1 

1 *7091 

133 *03 

80*0 

| 0*3580 

1*2278 

95 *57 

250 

0*5198 ! 

1*7827 

138 *76 

90’0 

i 0*3626 

1 *2436 

96 80 

260 

: 0 -5473 | 

1 *8770 

146*11 

100 *0 

i 0*8679 

1*2615 

98*20 

270 

0*5850 

2 *0063 

156 *17 

110'0 

| 0*3734 

1 *2806 

99*69 

280 

0*6460 j 

2 *2154 

172*45 

120*0 

! 0*3791 

1*3000 

101*19 

284*3 

0*6921 j 

2*3735 

184*75 

130*0 

I 0*3854 

1 *3214 

| 102*86 

2S6 T 

0*7150 i 

2 *4521 

190*87 

140*0 

: 0*3919 

1*3440 

■ 104*61 

288*0 

0 7503 

2 *5935 

201*87 

150*0 

: 0*3989 

1*3680 

106*49 

'288 *5* ; : 

1 

0-8215 ! 

i 

2*817 

219*3 


# Critical temperature. 
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Fluorbenzene. 


Temp. 

Volume 
in c.c. 

Vol. of 

1 gram. 

Molecular 

volume. 

Temp. 

Volume 
in e.c. 

Vol. of 

1 gram. 

Molecular 

volume. 

0° 

__ , 

0 *95554 

91*542 

160° 

0-6687 

1 -1957 

114*55 

10 

0 *5405 

0 *9665 

92 *59 

170 

0*6818 

1 *2190 

116-78 

12*86 

— 

0*96947 

92*875 

180 

0 *6959 

1*2442 

119 *20 

80*0 

0*5535 

0*9897 

94*81 

190 

0-7118 

1 -2727 

121*92 

40 0 

0*5601 

1*0014 

95*93 

200 

0 *7291 

1 *3035 

124 *88 

50*0 

0*5667 

1*0156 

97-30 

210 

0-7477 

1 *3369 

128 *08 

€0 *0 

0 *5740 

1*0263 

98*32 

220 

0*7699 

1 *3765 

131 *87 

VO *0 

0 *5812 j 

1*0393 

99*56 

230 

0*7949 

1*4213 

136 *16 

80*0 

0 *5890 : 

1*0531 ! 

100*89 

240 

0 *8238 

1*4729 

141*10 

90*0 

0*5971 ! 

1*0676 

102*27 

250 

0*8599 

1*5375 

147 *29 

100 *0 

0*0058 i 

1*0831 

103 *76 

260 

0*9074 

1*6225 

155 *44 

110*0 

! 0 *6143 

1*0993 , 

105 *31 

270 

0 *9745 

1*7424 | 

166 *93 

120*0 

1 0*6245 

1*1166 i 

106*97 

275 | 

1 *0240 

1 *8309 i 

175 *40 

130 *0 

0 * 634S 

l 1*1349 

108 *73 

280 

1-0S96 

1 *94S2 ; 

186 *64 

140*0 

1 0*6454 

1 1*1540 

110*55 

280*6 

— 

1*9764f 

189 *34 

150*0 

i 0*0565 

! 1*1738 

1 1 

112 *71 

*286*55 

— 

2 -435+ 

233 *2 


Chlorobenzene. 


0° 


0-8S664 

99*4S 

130° 

0*6451 

1 *0166 

114*06 

13*2 

0*5696 

0*8976 

100 *71 

150 

0 *6611 

1 *0418 

116*89 

15 -4 

0-5709 

0*8996 

100 *94 

160 

0*6693 

1 *0548 

118 *34 

15 -6 

0 -5713 

0*9003 

101*08 

170 

0-6784 

1 *0690 

119*94 

16*2 

0-5717 

0*9009 

101*01 

180 

0 *6880 

1 *0841 

121*83 

16 -0 

— 

0*90015 

101 *00 

190 

0*6980 

1 *0999 

123*41 

30 *0 

0-5793 

0*9129 

102*43 

200 

0-7087 

1 -1167 

125 *29 

40*0 

0 *5851 

0 *9220 

103*44 

210 -7 

0 7210 

1 *1361 

127-47 

50*0 

0*5908 

0*9309 

104*45 

220 

0*7318 

1 *1531 

129*37 

60*0 

0*5966 I 

0 *9402 

105 *48 

230 

0*7450 

1*1740 

; 131*72 

70 *0 

0*6029 

0 *9500 

106 *59 

240 

1 0*7595 

1 1968 

134*28 

80*0 

0*6091 

0 *9598 

107 *69 

250 

0*7743 

1 *2201 

136 *89 

90*0 

0*6158 

0 *9704 

108 *8S 

260 

0*7916 

1 *2474 

139*95 

100*0 

0*6226 

0 *9811 

110*08 

270 

0*8100 

1 *2764 

143 *21 " 

110 *0 

0*6297 

1 0*9922 

111*33 

— 

— 

— 

— . - 

120*0 

0 *6372 

1*0040 

112*65 

—» 

— 


* 


# Critical temperature, 

f Witli smaller quantity, compared at lower temperatures with larger* 









YQU 2 CG: VAPOUR-PRESSUBES, ETC., OF 


50 ; 5 


Bromohenzene . 


Temp. 

Volume 
in e.e. 

ToLof 1 
1 gram. 

1 

Molecular 

volume. 

Temp. 

Volume 
in c.c. 

Vol. of 

1 gram. 

Molecular 

volume. 

Cr 


0*65711 

102-90 

140° 

0 *5971 

0 -7523 

117 *80 

13 *1 

0*5273 

0 -6643 

104 *03 

150 

0*603S 

0 -7607 

119-12 

14-55 


0*66559 

104*23 

160 

0-6109 

0 *7096 

120*52 

30‘0 

0 *d3oS 

0-6750 

105-70 

170 

0 *6179 

0 -7784 

121 *90 

40 -0 

0 *5406 

0-6811 

106-65 

ISO 

0*6252 

0-7876 

123 *34 

50 -0 

0-5457 

0 *6875 

107 *66 

190 

0*6333 

0-7978 

124 *94 

00*0 I 

0 *5508 j 

0*6939 

108 -67 

200 

0*6412 

0 *8074 

126 *44 

•70 *0 

0 -5562 | 

0*7007 : 

109 *73 

210 

0*6501 

0 *8190 

128 *25 

SQ‘0 

0*5613 I 

0*7071 

110 -74 

220 

0*6595 

0 *8308 

130*10 

90*0 

! 0*5668 

0*7140 

111 *82 

230 

0*6684 

0 *8420 

131*85 

100 -o 

1 0*5720 

0*7197 

112-96 

240 

0-6791 

0 *8555 

133*97 

110*0 

1 0*5782 

0*7284 

114*07 

250 

0-6896 

0 -8688 

136 *05 

120 0 

i 0-5844 

0*7362 

115 *29 

260 

0*7019 

0 *8842 

13S-46 

130-0 

| 0*5906 

t 

i 

0*7441 

116*52 

270 

— 

0 *901* 

141*1 


lodobensene . 


o 3 


0*53746 

109 *32 

130° 

0*5493 

0 *6018 

122 *40 

10-0 

0 -4943 

0 *5415 

110-15 

140 

0-554S 

0-6078 

123 '62 

11*0 

0*4949 

0 *5422 

110*23 

150 

0*5603 

0 -6137 

124*83 

15*21 

— 

0-54407 

110*66 

160 

0 *5657 

0 *6198 

126 *09 

15 ’7 

0-4971 

0*5446- . 

110*77 

170 

0 *5715 

0 -6261 

127*34 

30 -0 

0 *5030 

0^5510 

i»*eg — 

sJ-SO , 

0*5777 

0 -6328 

12,8-72 

40*0 

0*5074 

0‘5559 

113*06 

Tir - 


0 *6399 

130 *15 

50*0 

0*5115 

0*5603 

113 *97 

200 

0*5900 

0 *6464 

131 -48 

60*0 1 

; 0*5157 | 

! 0 *5049 

114*91 

210 

i 0*5960 

0*6529 

132-81 

70*0 : 

0-5205 ! 

| 0*5703 

115*99 

220 

! 0*6039 

0 *6616 

134 -57 

80*0 

0*5249 

0*5750 

110 *95 

230 

| 0-G109 

0 -6693 

136-13 

90*0 

0-5292 

0*5708 

117 -92 

240 

! 0-61S2 

0 *6773 

137 -75 

...100 *0 

0 *5345 

0 *5855 

119 TO 

250 

| 0-6260 

0*0858 

139-49 

10* 3*0 

0*5391 

0*59013 

120 *13 

260 

j 0-0347 

0 *6952 

141 -40 

11*0 *0 
12< 

0 5444 

0*5964 

_ 

121*30 

270 

: 0-6441 

0 *7056 

143 -51 


150 *.ii calculating tlie molecular volumes, the following molecular 
_ * eights were taken;— 

Benzene* Fluorbenzene. Chlorobenzene. Bromohenzene. lodohenzene. 

'77*84 95*8' 112*2 156*6 203*4 

1 liaye not thought it necessary to calculate the 1 constants for any 
formal^ such as Yt = V 0 4- at 4* bf + cfi 4*. - . *; the range of tem¬ 
perature is so great that it is doubt fill whether the formula with' 
; three constants would reproduce the results with sufficient exactness. 

'The dilatation of benzene between 0° and 80° has been determined 

1 . Wil’h smaller quantity, compared at lower temperatures with larger. 
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by several observers, the volumes being given in terms of that at 0° 
taken as unity. The following table comprises the various results for 
each 10°:— 

Volume, 


Temp. 

Young. 

' 

Kopp. 

Louguinine. 

Adrleenz. 

Ksati and 
Paternu. 

0° 

i 1*0000 

1*00000 

1*0000 

1*00000 

1 ‘OOGO 

10 

; 1*0119 

1*01190 

1*0122 

1*03169 

1*0118 

20 

: 1*0241 

1*02410 

1*0245 

1*02367 

1*0241 

, 30 

: 1*0303 

1*03665 

1*0371 

1*03603 

1*0368 

40 

i 1*0496 

1*04961 

1*0500 

1*04SS7 

1 *0500 

50 

i 1*0632 

1*06302 

1*0622 

1-0622S 

1*0636 

60 

1 1 ‘0770 

1*07692 

1*0774 

1*07637 i 

1*0776 

70 

! 1*0912 

1*09136 

1 *09X9 

1*09123 

1 *0921 

SO 

j 1*1050 j 

1*10641 

1*1065 

1*10696 

1 ‘1070 


"With the exception of those at 10° and 20°, which were read from 
a curve, the volumes under my name were calculated from the actual 
readings. The agreement with Kopp’s values is extremely close from 
0° to 70°; at 80° it is less satisfactory. A few determinations of 
specific gravity and vapour-pressure at irregular intervals of tempera¬ 
ture are given by Xeubeck (Zeit. phjsihal. Chem I, 654). 

Critical Points of Benzene and Fluorbenzene . 

Benzene .—The temperature was raised slightly above the critical 
point, and observations were taken after lowering the temperature by 
small stages; ' 

Temperature. 

■ 289*25°, Xo meniscus.- 

, 289*1°. Blight fog below ,* striae visible on increasing the volume. 
288*7°, Permanent mist through the tube, becoming denser on 
increasing the volume,; no meniscus. 

288*6°. Very extended cloud* within which the meniscus became 
visible for a short time on increasing the volume slightly. 
2-88*5°. Meniscus just visible; it disappeared and reappeared on 
alternately decreasing and increasing the volume. 
288*35°. Meniscus quite visible; appearance of rain upwards. and 
downwards, meeting at meniscus. 

The critical constants a re:—Temperature, 288*5°; pressure, 
36,395 mm.; volume of a gram, 2*82 c.c. Sajotschewsky gives 280*6° 
and 49*5 atm., and.Ramsay, 291*7 and 60*4 atm. 

Fluorbenzene .—The observations were-made in the order given:— 

2 N 2 
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Temperature. 

288°, Xo meniscus or cloudiness. 

286*9°. Paint cloudiness near bottom of tube, becoming denser on 
slightly increasing the volume. 

286*7°. Distinct cloudiness near bottom of tube, faint near the top j 
strice on increasing the volume. 

286*45°. Meniscus just visible. 

286*65°. Rather dense cloud where the meniscus was. 

286*55°. Meniscus appeared or disappeared on increasing or 
decreasing the Tolume. 

Critical temperature, 286 * 55 ° ; critical volume, 2*43 c.c.; critical 
pressure, 33,912 mm. 


Maths of Absolute Temperatures corresponding to Equal “Pressures. 

Curves were constructed from the vapour-pressures recalculated by 
means of Biot’s formula, taking the temperatures as ordinates and 
logarithms of the pressures as abscissas. Temperatures corresponding 
to definite pressures were then read from the curves, the pressures 
being the same for each substance. The following table gives the 
temperatures, centigrade and absolute, of the five compounds, corre¬ 
sponding to these pressures, and for comparison, the absolute tem¬ 
peratures calculated in tbe manner described later, and lastly the 
differences between the read and recalculated temperatures :— 


Table Y. — Benzene . 


Pressure. 

Temperature. 

Centigrade. 

Absolute. 

Difference. 



Prom cuitc. 

Recalculated. 


20 

—5 *0 

268-0 

26S *15 

+ 0*15 

50 

+ 11-8 

284*8 

264-75 

-0*05 

100 

20*25 

299 *25 

299 *15 

-0*1 

200 

42*4 

315 *4 

315-35 

-0*05 

400 

60*8 

333 *8 

333-75 

-0-05 

700 

80*25 

3d3 *2e> 

353*3 

+ 0*05 

' 1000 

89*5 

3(52-5 

362-55 

+ 0 *05 

2000 

165*35 

388-35 

388*6 

+ 0*25 

2000 

132*7 

405 -7 

405*75 

+ 0*05 

4000 1 

140*0 

419*0 

419*05 

+ 0*05 

7000 

175 *05 

448-05 

448*1 

+ 0*05 

10000 

196*05 

469*05 

468-85 

, -0*2 

■ 12000 

207*35 

480*35 

480-15 

—0 *2 

15000 

.222*1 

495*1 

495 -15 

+ 0*05 

■', 20000 , 

242*2 

515*2 

515-3 

■ +o*i 

. sKSoba' - ■ 

258,*$ 

531 *S 

531 -7 

!■ -.o *i 

■. iSBOdDOT'' 

" 272*0.' ' 1 

545*9 

545-85 

-0*05 
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Fluorbenzene . 


Pressure. 


Centigrade. 


Temperature. 


Absolute. , | Difference. 


5 


Prom curve. 

Recalculated. 
251 ‘0 


10 

-12-35 

200*65 

261 *1 

+ 0*45 

20 

—0 *75 

272 *25 

272 *55 

+ 0 *3 

50 

+ 18 ‘3 

2S9 *3 

289 *3 

+ 0*0 

100 

30*9 

303 *9 

303*75 

— 0 *15 

200 

47-25 

320 *25 

320 *05 

-0*2 

400 

85 *75 

33S *75 

338 *55 

-0*2 

700 

So *1 

35S *1 

358*15 

+ 0*05 

1000 

94‘3 

367 *3 

367 *4 

+ 0*1 

2000 

120 *25 

393*25 

393 *5 I 

+ 0*25 

3000 

137*4 

410*4 

410*65 

+ 0*25 

4000 

150*8 

423 *8 

423*95 

i +0 *lo 

7000' 

179 *S 

452*8 

452 *9 

tOI 

10000 

200 *6 

473 *6 

473 *55 

—0 *05 

12000 

211 *95 

484*95 

484*8 

-0*15 

15000 

228*7 

499*7 

499*7 

0*0 

20000 1 

246*7 

519 *7 

519*7 

0*0 

25000 

263 *0 

536*0 

536*0 

0*0 

30000 

277 *0 

550*0 

550*0 

0*0 


Chlorobenzene. 


5 

10*35 

283 *35 

283 *85 

+ 0*5 

10 

22 T 

295 -1 

295 *25 

+ 0*15 

20 

35 *05 

SOS *05 

308*2 

+ 0*15 

50 

54*1 

327*1 

327-15 

+ 0*05 

100 

70-4 

343*4 

343*5 

+ 0*1 

200 

88*95 

361*95 

361 *9 

-0*05 

400 

109*8 

382*8 

382*85 

+ 0*05 

760 

131*9 

404*9 

405 *0 

+ 0*1 

1000 

142 *4 - 

415*4 

415 *45 

+0*05 

2000 

172*0 

445*0 

444 *95 

-0*05 

3000 

191*6 

464 *6 

' 464*35 

-0*25 

4000 ? 

206 *9 

479*9 

479*4 

-0*5 

7000 ' | 

239 *5 

512*5 

512*15 

-0*35 

10000 | 

262 *35 ' | 

535*35 

535*5 

+ 0*15 

' 12000 | 

274*75 j 

547*75 

548*2 

+ 0*45 


Brmnobenzene . 


5 

27-9 

300*9 

300*55 

-0*35 

10 

40*0 

313*0 

312*65 

-0-35 

20 

53-3 

326 *3 

326*35 

+ 0 *05 

50 ' 

73-3 

346*3 

346*4 

+ 0 *1 

100 

90*6 

363*6 

363-7 

+ 0*1 

200 

110-05 

383-05 

883*25 

+ 0*2 

400 

132*3 

405 *3 

405*4 

+ 0*1 

760 

156*0 

429 *0 

428*85 

-0*15 

1000 

167*05 

440*05 

439*95 

-0*1 

2000 

198*3 

471*3 

471*15 1 

-0*15 

3000 

219 *0 

492*0 

491 *7 ; 

—0*8 

4000 

234 *95 

507*95 

507‘65 

—0*3 ■ 

,7000 

269*05 

542*05 

1 , 542*3 - ' , 

+ 0*25 
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Pressure. 

Temperature. 

Centigrade. 

Absolute. 

Difference. 



Prom curve. 

Recalculated. 


5 

50*6 

323-6 

323*4 

— 0 *2 

10 

63-75 

336-75 

336-4 

-0-35 

20 

78*25 

351*25 

351 -15 

-0*1 

50 

99*75 

372-75 

372-75 

o-o 

100 

118*3 

391-3 

391-35 

+ 0-05 

200 

189*2 

412*2 

412*35 

4-0*15 

400 

163*1 

436-1 

436*2 

4-0*1 

'760 

188 * 55 

461*55 1 

461*45 

-0*1 

1000 

200*5 

473-5 

473*35 

-0*15 

2000 

234*0 

507-0 

507*0 

0*0 

3000 

256 *0 

529-0 

529 *1 

4-0*1 

4000 

272*65 

545*65 

546*2 

4-0*55 


The method of calculation adopted was. as follows:—The ratios of 
the absolute temperatures of each of the substances with that of 
fluorhenzene were first calculated at each pressure, and these are 
given in the table below* It will be seen that the ratios of the 
absolute temperatures of benzene to those of fiuorbenzene rise slowly 
with rise of pressure, but that the other ratios do not exhibit any 
decided tendency to rise or fall. 


Table VI .—Batios of Absolute Temperatures . 


Pressure. 

c 6 h 5 f* 

C fi H s C! 

c 6 h jr 

CfiETjBr 

CWsF* 

CfiHgX 

C 6 H 5 P* 

Calculated. 

Recalculated. 

10 

, 


1 *1322 

1 *200S 

1*2920 

20 

0*9844 

0*9S3S 

1*1315 

1-19S5 

1*2902 

50 

0*9844 

0 *9843 

1-1307 

1-1370 

1 -2885 

100 

0*9847 

0“9S48 

1*1300 

1*1964 

1 *2876 

200 

0 *9848 

0*9853 

1*1302 

1*1961 

1-2S71 

400 

0*9854 

0*9859 

1*1300 

1 *1965 

1 *28~4 

760 

0 *9865 

0-9S65 

1 *1307 

1 T9S1 

1*2889 

1000 

0*9869 

0*9869 

1 *1310 

1 1T981 

' 1 *2891 

2000 

0-9875 

0 -9876 

1*1316 

1 *1985 

1 *2893 

3000 

0*9885 

0*9881 

1*1321 

1*1988 

■ 1 *2S90 

'4000 

0*9887 

G*9S85 

1*1324 

1*19813 

1*2875 

7000' 

; 0*9895 

0 -9S94 

1*1318 

1*1971 

1 _ 

10000 

0*9904 

0*9901 

1 *1304 

— 

! — 


0*9905 

0*9904 

1*1295 

— 

. — 

15000 

0*9908 

0*9909 

— 

_ 

| _; 

20000 

.0*9914 

0*9916 

—. 

, , _ 

; 

25000 

0*9922 

0*9921 

_ 

___ 

■_» 

30000 

0?9925- 


-— 
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The recalculated ratios between benzene and fluorbenzene are given 
by the equation R ; = R -j- c{i r — t ), where R = 0*9838, c = 0*0000313, 
f is the temperature (centigrade) of fluorbenzene, and t = 0. It will 
be seen that the recalculated ratios agree remarkably well with those 
calculated from the temperatures read from the vapour-pressure 
curves. 

In order to judge whether the deviations of the remaining ratios 
from constancy may be attributed to errors in the experimental work, 
in the calculation of the constants for Biot’s formula, or, lastly, in the 
graphical construction of the vapour-pressure curves or the read¬ 
ing of temperatures corresponding to definite pressures from those 
curves, the simplest plan would doubtless he to take the temperatures 
of one substance, say fluorbenzene, as correct, and to recalculate the 
absolute temperatures of the other liquids from these, taking the 
formula R/ = R -f c(t' — t) for benzene, and the simple formula 
R' = R in the other three cases. But this method of calculation is 
open to the objection that any small error in the temperature of 
fluorbenzene'would be reproduced in those of the other bodies, and 
would be exaggerated in the case of the higher boiling substances. 

The calculation was therefore made in two stages:—Firstly, the 
absolute temperatures of fluorbenzene were recalculated from those 
of each of the other substances, and the mean of all the temperatures 
at each pressure (including in each case that read from the vapour- 
pressure curve) were compared with the read temperatures. These 
mean temperatures are given in Table Y under fluorbenzene in the 
fourth column, and the differences from the read temperatures in the 
fifth column. It will be seen that the greatest difference 0*45° is, as 
might be expected, at the “lowest pressure, 10 mm. The difference in 
pressure corresponding to this difference in temperature is 0‘27 mm. 
Considering that Regnault’s individual observations of the vapour- 
pressure of water at 0° show an extreme variation of 0*195 mm., and 
that the mean pressures calculated for each of his 12 series of 
experiments exhibit a maximum difference of 0*152 mm., this differ¬ 
ence of 0*27 mm. in the case of fluorbenzene is perhaps not outside the 
limit of unavoidable experimental error. It is to be noticed also that 
the boiling point of fluorbenzene under a pressure of 10 mm. is —12°, 
and below 0° the corrections for the thermometer could be obtained 
only by extrapolation. . 

Assuming now that these mean temperatures of fluorbenzene are 
correct, the absolute temperatures of benzene and the other halogen- 
derivatives were recalculated by means of the same constants as 
before, and the recalculated ' temperatures ■ are given and compared 
with the read temperature in Table Y. It will be seen that the 
greatest error in the, whole table is 0*55°, with, iodobenzene at the 
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highest temperature, and it lias already been mentioned tliat this 
liquid, -when in contact witli mercury, undergoes slight decomposition 
at a temperature of 270°, even when shielded from the light. From 
20 mm. to 3000 mm., the greatest error in the table is 0*8°, and 
below 20 mm. (excluding fluorbenzene) the most serious error is that 
of chlorobenzene at 5 mm., amounting to 0‘5°, but in this case the 
corresponding error in pressure is only 0*15 mm. 

Even if the temperatures of fluorbenzene as read from the vapour- 
pressure curves be taken, as the basis of calculation, the errors at 
pressures at and above 20 mm. are not greatly increased; for benzene, 
the maximum error is the same, + 0*25°, at 400 mm., as against 
4-0*25 at 2000 mm.; for chlorobenzene, —0*65° at 4000 mm., and 
4-0*65 at 12000 mm., as against — 0*5° at 4000 mm.; for bromo- 
benzene, —0*6° at 3000 mm. as against —0*3 .at 3000 and 4000 mm., 
and for iodobenzene, —0*5 at 20 mm., as against 4-0*55 at 4000 mm. 

In conclusion it may, I think, be stated that the relations stated 
below, by means of which the absolute temperatures given in Table Y 
as u recalculated J! have been obtained, hold good within the limits of 
experimental error. 


Liquids compared. 
CeHe/CeHsJF 

C 6 H 5 C1/C 6 H 5 F 

C 0 H 5 Br/C 6 H 5 F 

C 6 HJ/CsH 5 F 

OsHsBr/CsHaCl 

0 5 H 5 I/C 6 H s C! 

CsHjyCaHJBr 


Ratios of absolute temperatures at equal pressures. 

W =: 0*9838 + 0-0000313* (t == f 0. of finer- 

benzene). 

= 1*1308 
= 1*1974 
= 1*2884 
= 1*0589 
= 1*1394 
= 1*0760 


delations between the Molecular Volumes . 

It seemed likely that any simple relation which may exist between 
the specific or molecular volumes of different liquids would be most 
readily found by first comparing closely related substances such as 
those chosen. The very complete and accurate series of determina¬ 
tions by Thorpe have already led to an important generalisation by 
Mendeleeff {Trans, Chem, Soc 1884, 126), and this, combined with 
the theoretical conclusions of Yan der Waals, has in the hands of 
Thorpe and Rucker afforded a method of calculating the approximate 
critical temperature of a liquid from its rate of expansion at constant 
pressure at temperatures below the ordinary boiling point. But it' 
appears, to me that one at least of the conclusions of Yan der Waals 
A, open 1 'to question. In Roth’s translation. (Leipsig, 1881, 128) of 
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Van der Waal s’ Dissertation (“Die ContinuitSt”), the following 
passages occur:—“ 1st fur versehiedene Korper die absolute Tempe- 
ratur derselbe Tbeil der kritischen Temperatnr, so 1st ancb der 
Drnck des gesattigten Dampfes fiir dieselben ein gleich grosser 
Tbeil des kritischen Drucks .... so 1st auclx das Yolumen, 
sowohl das des gesattigten Daxnpfes, wie das der Fliissigkeit, ein 
gleicb grosser Tbeil des kritiscben Yolumensand later “ Hat man 
fiir .versehiedene Korper die Grenzcurve construirt—wobei man 
Druck und Yolumen in solcben Maassen nimmt, dass die Culmina- 
tions-punkte zusummenf alien—so fallen die Cnrven ganz znsammen.” 

The first of these laws does not appear to me to be even approxi¬ 
mately true. It would be difficult to find two bodies more likely to 
give results in conformity with the law, if true, than benzene and 
fiuorbenzene. Their boiling points do not differ by so much as 5° 
at any pressure between 20 mm. and the critical pressure of fiuor- 
benzene so that temperature readings are always on the same part 
of the thermometric scale, and as the substances were always heated 
by the vapours of pure liquids boiling under known pressures, there 
can be no question of the fluctuations of the zero point of a ther¬ 
mometer. Again the critical pressures and temperatures are not 
very different, the temperatures being especially close together; the 
compounds are chemically nearly related ; moreover the observations 
have been made by the same observer, by the same method, with the 
same apparatus, and as nearly as possible at the same time. Even, 
therefore, if the experimental work is only moderately accurate, any 
errors in the thermometric scale, in the calibration of the pressure 
gauges and so on, would have comparatively little influence. Yet 
the following table shows that when the absolute temperatures of 
the two bodies are in each case made proportional to the critical tem¬ 
peratures, the corresponding pressures are very far from bearing a 
constant ratio to each other. On the other hand, the ratios of the 
molecular volumes at these temperatures are nearly constant, and do 
not differ seriously from the ratio of the observed critical volumes, 
but, as will be seen from Table YIII, equally concordant though 
different results are obtained by taking pressures proportional in each 
case to the critical pressures. 

It will be seen that these ratios are uniformly lower than those in 
Table VII, but the deviation from constancy is nearly the same in 
both eases. If the critical volumes could be directly observed with 
sufficient accuracy, it would of course be possible to decide which of 
the two methods of comparison gives the better results, but it is 
unfortunately impossible to reduce the possible error with either 
substance below from 0*5 to 1 per cent.. 

Before comparing benzene and fiuorbenzene at ts corresponding ” 
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pressures and i; corresponding” absolute temperatures, I bad made a 
comparison of the molecular volumes of all five liquids at their 


Tabie YIL 

Absolute critical temperature of benzene...... 501 ’ 5 1 ^ at * Q . qq^ 

„ fluorbenzene.. 550 *55 j s 


Absolute temperatures. 

_ _ 

Y apour-pressnres. 

! 

Molecular volumes. 

Fluor- 

benzene. 

Benzene. 

Fluor- 

benzene. 

Benzene. 

Katios. 

Fluor- 

benzene. 

Benzene. 

Katios. 

272 "25 

273 *2 

20 : 

26*79 

1*340 

91 *47 

86*50 

0*9457 

320 '25 

321*35 

200 

252"9 

1*265 

os -so 

91 *73 

0 -9476 

367-3 

36S*0 

1000 

1190*0 

1*190 

102 *90 

97*62 

0-94S7 

423’S 

425*3 

4000 

4550 *0 

1 *137 

112 *64 

106 *90 

0*9491 

473-6 I 

475 *25 

10000 

11080-0 

1 *108 1 

125 *04 

118*54 

0*9480 

■ 519-7 

521-5 

20000 

21750 *0 

1 *088 

145*08 

137*80 

0 *9498 

550 *0 1 

551 *9 

30000 

32320-0 

\ 1 *077 

179*40 

169 *95 

0-9473 

559"55 

561 *5 

33912 

36395 -0 

1-073 

233* 

219 # 

0*940 


Table YIIL 


Critical pressure of benzene...... 

„ „ fluorbeuzene.. 


363951 
33192 J 


Eatio, 1 *0732. 


Pressures. 

Boiling points 
(Centigrade). 

Molecular volumes. 

Katios. 

Fluor* 

benzene. 

Benzene, 

Fluor- . 
benzene. 

Benzene. 

Fluor- 

benzene. 

Benzene. 

20 

21 *46 

- 0-75 

- 3*75 

91 *47 

86*10 

0 *9413 

50 

53 *66 

+ 16-30 

+ 13*25 

93 -30 

87 -S7 

0 *9418 

100 

107 *30 

30 -90 

27-90 

94*92 

89 *41 

0*9420 

200 

214 *60 

47 *25 

44*15 

96 *80 

91 *23 

0*9425 

400 

429 *30 

65 *75 

GS -30 

99 *05 

93 *51 

0*9441 

700 

815*60 

85 *10 

82*65 

101*59 

95*91 

0 *9441 

1000 

1073*00 

94 *30 

91 *95 

102 -90 

97*12 

0*9488 

2000 

2140 *00 

120 '25 

118 *30 

107 -00 

100 *96 

0*9438 

4000 

4293 *00 

150 *80 

149 *50 

112*64 

106 *35 

0 *9442 

7000 

■ 75,13 *00 

179 *80 

179*15 

119*14 

112 *48 

0*9441 

10000 

' 10732*00 

200 *60 

200 *30 

125 *04 

117 *95 

0*9433 

12000 

12879 ‘00 

1 211*95 

212*00 

! 128*80 

121 *55 

0 *9487 

15000 

1609S*00 

226 *70 

,227 *05 

| 134 *64 

127*12 

0*9441 

20000 

21464*00 

| . 240*70. 

247 -50 

145*08 

137 *20 

0-9457 

25000 

26831 -00 

| 263*00 

264 *10 

: 15S*40 

149-80 i 

0*9457 

30000', 

.32197*00 

! 277 *00 

278 *60 

1 179 *40 

169*50 

0*9448 

'33912 ■ 

86395 *00 " 

■ 286 *55 

288 *50 

238* j 

,219* 

0*9400 ■ 


# Direct observations of critical volumes. 
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boiling points raider equal pressures, and it is a remarkable fact that 
under these conditions the molecular Yolumes of the halogen-deriva¬ 
tives of benzene bear a constant ratio to each other, but not to those 
of benzene. 

In the following table are given the molecular volumes of the four 
liquids at their boiling points under definite pressures, and also the 
molecular volumes recalculated in the same manner as the absolute 
temperatures in Table V on the assumption that the ratios are really 
constant. The recalculated volumes of fluorbeuzene are the means 
of those calculated from the other halogen-derivatives and the volumes 
read from the curve. The volumes of the other halogen-derivatives 
are recalculated from these mean volumes of fluorbeuzene. 

Table IX.— Fhtorbenzme. 


Pressure. 

Molecular volume. 

Pressure. 

Molecular volume. 

Prom 

curve. 

Recalcu¬ 

lated. 

Difl. 

From 

curve. 

Recalcu¬ 

lated. 

Diff. 

5 


89 -33 

_ 

1000 

102*90 

102 *95 

+ 0*05 

10 

-— 

90*34 

— 

2000 

107 *00 

106 *99 

-0*01 

20 

91 -17 

91-48 

+ 0*01 

3000 

110 *03 

110 *05 

+ 0*02 

50 

93'30 

93*25 

-0-05 

4000 

112 *64 

112 *61 

-0*03 

100 

94'92 

94*84 

-0*08 

7000 

119-14 

119*22 

+ 0*08 

200 

96*80 

96 *74 

-0*06 

10000 

125 '04 

125 *07 

+ 0*03 

400 

99 ’05 

99 *03 

-0*02 

12000 

12S*S0 

128*85 

+ 0*05 

760 

101 '59 

101*64 

+ 0*05 

**~ 

*—* 

— 

— 


Chlorobenzene. 


5 

100 -45 

100 '44 

-0*01 

1006 

115 -75 

115 *76 

+ 0*01 

10 

101 -60 

101 *58 

-0-02 

2000 

120 '24 

120 *30 

+ 0*04 

2P 

102 '89 

102*86 

-0*03 

3000 

123 *69 

123*74 

+ 0*06 

50 

104*88 

104-85 

-0*03 

4000 

126 '65 

126 *62 

-0*03 

100 

106-63 

106*64 

+0*01 

7000 

134 ‘08 

134*05 

-0*03 

200 

108 -75 

108*78 

+ 0*03 

10000 

140 '68 

140 *60 

-0*08 

400 

111 -32 

111*35 

+ 0*03 

12000 

144'94 

144*93 

-0-01 

760 

114 -26 

114*28 

+ 0*02 

—* 


—- 

i 


Bromobenzme* 


5 

105-47 

105 '41 

-0*06 

760 

119-94 

119 *93 

-0*01 

10 

106 -65 

106*60 

-0*05 

1000 

121-47 

121*48 

+ 0*01 

, 20 

107-99 

107-95 

-0*04 

2000 

126‘24 

126-25 

+ 0*01 

50 

110 *04 

110*03 

-0*01 

3000 

129-86 

129*86 

o-oo 

100 

111 *89 

111*91 

+ 0*02 

4000 

132-90 

132 *88 ' ! 

-0-02 

200 

114 *10 

114*15 

+ 0*05 

7000 

140 - 75 

140*68 : 

-0*07 

400/ 

116 *81 ! 

116'86 

+ 0 *05 

. — .... 


— 

— 
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Iodobenzene. 


Pressure. 

Molecular volume. 

Pressure. 

Molecular volume. 

From 

curve. 

Recalcu¬ 

lated. 

Biff. 

From 

curve. 

Recalcu¬ 

lated. 

Biff. 

5 

114 '04 

114-09 

+ 0*05 

400 

126-48 

126*4S 

0*00 

10 

115*32 

115 *38 

+ 0-06 

760 

129*86 

129 *S1 

-o-os 

20 

116*79 

116 *84 

+ 0 05 

1000 

131-56 

131*49 

-0-07 

50 

119*03 

119*10 

+ 0*07 

2000 

136-72 

136*65 

-0-07 

100 

121*09 

121*13 

+ 0*04 

3000 

140-63 

140 *56 

-0-07 

200 

123 *52 

123*56 

+ 0*04 

4000 

143-73 

143 *83 

-0-10 


The ratios calculated from the molecular volumes read from the 
curves are given in Table X, those of benzene to fluorbenzene being 
included. It will be seen that these, after rising very slowly from 
50 to 400 mm. pressure, fall slowly , at first, then more and more 
rapidly with rise of pressure, while the ratios between the molecular 
volumes of the halogen-derivatives remain almost constant at all 
pressures. 


Table X. 


Ratios of read molecular volumes at equal pressures. 


j # 


Pressure. 

C fi H 6 

c 6 h b f 

C 6 U 5 C1 

c 6 H & r 

C 6 HjBr 

c 6 h 3 f* 

c 6 h 5 i 

c 6 h 5 f- 

20 

_ 

1*1248 

1*1806 

1*2768 

50 ' 

0*9401 

1*1241 

1-1794 

1 *2758 

100 

0 -9403 

1*1233 

1*17SS 

1 -2757 

200 

0 *9405 

1*1234 

1-17S7 

1 -2760 

400 

0*9410 

1*1239 

1-1793 

1 -2771 

760 

0 ‘9410 

1-1248 

1*1808 

1*2783 

1000 

0*9407 

1 *1249 

1*1805 

1*2785 

2000 

0 *9395 

1 *1241 

1*1802 

1 *2781 

3000 

0*9392 

1*1241 

1*1802 

1*2781 

4000 

0 *9387 

I *1244 

1*1799 

1 *2760 

7000 

0 *9364 

1 *1254 

1 *1814 

— 

10000 

0 *9339 

1*1250 

— 

— 

12000 

0 *9321 

1*1253 


— 

15000 1 ] 

0*9297 

— i 

— 


.20000 ' j 

0*9251 

— 

— 

— 

' 25000 ' ! 

0*9163 

_ 

-- 

— 

'30000 

0 *8919 

i 

-- 
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The recalculation of the molecular Yolumes of the four halogen- 
derivatives is based on the assumption that the following relations 
hold good:—■ 


Substances compared. 

C 6 H 5 C1/C 6 H 5 F 

C s H 5 Br/C 6 H 5 F 

c 6 h 5 x/c 0 h 5 f 

C c H 5 Br/C G H 5 Cl 

C g H 5 I/C 6 H 5 C1 

C 6 H 5 I/0 6 H 3 Br 


Ratios of molecular volumes at boiling 
points under equal pressures. 

R = 1*1244 
1*1800 
1*2772 
1*0494 
1*1359 
1*0824 


It would, no doubt, be unjustifiable to assert that these relations 
are absolutely true, but that they represent the facts with very con¬ 
siderable accuracy is, I think, shown by the fact that in Table IX the 
greatest difference between the read, and recalculated molecular 
volumes amounts to only 0*084 per cent. 

If Yan der Waals’ laws were all true for these closely related com¬ 
pounds, it would follow that the critical pressures of the four halogen- 
derivatives of benzene must be equal or nearly so, that the ratios of 
the absolute critical temperatures must be the same as the ratios of 
the absolute temperatures at any other equal pressures, and that the 
ratios of the molecular volumes at the critical points must be the 
same as those at any other equal pressures. 

These calculated values would be:—* 


Critical 

Substance. pressure.. 

Chlorobenzene.. 33912 

Bromobenzene.. „ 

Iodobenzene.... „ 


Critical temperature. 

_____ K- 

Critical 

Tolume 

(molecular' 

r 

Absolute. 

Centigrade? 

633° 

360 c 

262 

670 

397 

275 

721 

448 

298 


It is quite impracticable to determine the critical constants of 
bromobenzene and iodobenzene by the method employed in this 
research, but I have succeeded in obtaining determinations of the 
critical constants of chlorobenzene by heating the tube with the 
vapour of mercury "boiling under slightly increased pressure. It 
will be seen from the data below that as far as chlorobenzene at any 
rate is concerned the supposition stated above is correct, and it is 
therefore very probably true for bromobenzene and iodobenzene also. 
Confirmatory evidence is also afforded by Thorpe and Rucker’s rela¬ 
tions between the critical temperatures .and the dilatations from 0° 
to the boiling points* 
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.Experimental Data for Chlorobenzene at very Sigh Temperatures . 


Temperature. 

Centigrade. 

Pressure. 

Molecular 

volume. 

Molecular volumes and temperatures 
calculated from those of fluorben¬ 
zene at tbe same pressures by means 
of tbe constants given. 

330*0° 1 

350*0 I 
/ 359*95 

W 1360*2 

(2) 360*55 

(3) 360*8 

23935 

30103 

33S24 

33926 

33998 

175*0 

202*9 

253*1 

255*01 ( A 
262*0/ W 
275 *0 (5) 

174*7 329*6° 

202 *3 349 *15 

— f359*4 

— 1359*8 

— 359*95 


(1) Meniscus flat. (2) Meniscus unsteady and indistinct. (3) Probable critical 
point; meniscus just risible, but very unsteady, and it frequently disappeared. 
(4)' Approximately. (5)' Roughly. 


361T°. Dense fog and strife, just possible to detect meniscus 
occasionally. The frequent disappearance of tbe meniscus at 36G*8° 
and its occasional appearance at 361*1° are probably due to slight 
fluctuations of temperature. 

361*3°. Faint mist, becoming denser in one part of the tube on in¬ 
creasing tbe volume considerably. 

Tbe reading of volume near tbe critical point was extremely 
difficult owing to condensation of globules of mercury on tbe tube and 
jacket, and to tbe fluctuations of temperature which caused tbe 
meniscus, when visible, to change its position constantly. NTo such 
difficulties were experienced with benzene or fluorbenzene. 

Tbe agreement of tbe critical temperature and pressure with those 
suggested as probable from tbe comparison with fluorbenzene is very 
satisfactory; as regards tbe volume, which is undoubtedly far less 
accurately determined, it will be noticed that at 360*55°, at which 
temperature tbe pressure is almost identical with tbe critical pressure 
of fluorbenzene, tbe molecular volume 262 is tbe same as that calcu¬ 
lated from tbe critical volume of fluorbenzene. Considering tbe 
uncertainty of 'the reading at 380*8°, I think it is not too much to say 
that tbe observed critical volume shows a rough agreement with that 
calculated, 

'■ Tbe following values may be taken as tbe critical constants of 
chlorobenzene :•— 

Temperature ... ' 360*55° to 360*8°. 

Pressure.. 33926 to 33998 mm. 

Molecular volume ...... 262'to 275 c,e. 
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Thorpe and Hitcher s Relations. 

Prom theoretical considerations, Professor's Thorpe and Riieker 

river _ o~Q 

deduce the equation a = where T and T x are the boiling 

point and the critical temperature of a substance on the absolute 
scale, and Yt is its volume at* the boiling point, the volume at 0° 
being taken as unity. The value of a is found to vary -within com¬ 
paratively narrow limits for a considerable number of substances, and 
from seven compounds investigated by Sajotscbewsky the mean value 
1*995 is obtained. Taking this mean value as correct, Thorpe and 
Hiicker calculate the expansion of benzene between 0° and 80° by 

means of the equation Yt = Yo. giving T x the value 

observed by Sajotscbewsky, 553*8. If, however, the critical point 
given in this paper be taken, the agreement with the observed results 
from 0° to 60° becomes much closer, and if, farther, the value of a be 
taken as 1*9855 the agreement with nay results up to 80° becomes very 
satisfactory, as will be seen from the following table:— 


Expansion of Benzene. 


Tempera- 1 
fcurc. 

a = 1 -995. 
Tj = 553 -S. 

\ a = 1 *995. 
T x = 561*5. 

i 

a = 1 *9855. 
Tj - 561 *5. 

Young. 

Eopp. 

0° 1 

1 -GOOD ! 

1*0000 

1*0000 

1*0000 

i 1*0000 

20 

1*0246 1 

1*0242 

1*0243 

1 *0241 

1*0241 

40 

1 *0505 

1*0496 

1*0499 

1*0496 

1*0496 

60 

1*0778 

1-0762 

1*0767 

1*0770 

1*0769 

80 j 

1 *1064 

1 *1043 

1*1050 i 

1 *1050 

1*1084 


It is noticeable that Sajotscbewsky always finds lower critical tem¬ 
peratures than other observers. 

Having determined the expansions and critical temperatures of 
fhiorbenzene and chlorobenzene, I was able to calculate the values of a 
for these two bodies. The values obtained are given below* 

Fluorbertzene. Chlorobenzene. 


Temperature. 

a. 

Temperature. 

a. 

80° 

2-030 

120° 

2*050 

90 

2-021 

130 

2*036 

— 

— 

150 

2*020 


At the boiling' points under normal pressures, the values of a for 
■the two substances would not'differ greatly from 2*03, and if we may 
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assume that the values of a for the two other halogen-derivatives of 
benzene are approximately the same, it becomes possible to calculate 
the critical temperatures of hromobenzene and iodobanzene by an 
entirely different method from that previously adopted. 


my _ 9 y •> 

In the equation T x = .- —L— Z. A - I have taken for hromobenzene 

the volumes at the two temperatures 150° and 160°, and for iodo- 
benzene those at 180 c and 190°. The mean results are— 


Bromobenzene, critical temperature.... 675*5 
lodobenzene „ „ .... 721*0 

The absolute temperatures obtained by the previous method are 
670° and 721°. 

This close agreement of the critical temperatures, as calculated by 
the two methods, makes it extremely probable that the critical 
pressures of the four halogen-derivatives of benzene are identical or 
very nearly so. 

The results obtained may be summarised as follows :— 

1. When the four halogen-derivatives of benzene are compared 
together at such temperatures that their vapour-pressures are equal, 
these temperatures, expressed on the absolute scale, and also the cor¬ 
responding specific volumes, bear a constant ratio to each other. 

2. The critical pressures of fluorbenzene and chlorobenzene, and 
in all probability those of hromobenzene and lodobenzene, are equal, 
hence the critical temperatures and volumes may he calculated from 
the observed temperatures and volumes at any other equal pressures. 

3. When benzene is compared with fluorbenzene at such tempera¬ 
tures that their vapour-pressures are equal, neither these (absolute) 
temperatures nor the corresponding specific or molecular volumes bear 
a constant ratio to each other. 

4. The ratios, of the absolute temperatures of benzene and fluor¬ 
benzene corresponding to equal pressures are very exactly expressed 
by the equation R f = R -f ct, where R/ is the ratio at a pressure for 
which the corresponding centigrade temperature of fluorbenzene is t; 
R = 0*9838, and c = 0*0000313. 

5. If the specific volumes of benzene and fluorbenzene are compared 
at temperatures corresponding to pressures which are in all cases 
proportional to the critical pressures of, the two liquids, the ratios of 
the volumes are very nearly constant. If, again, the specific volumes 
are, compared at absolute temperatures which are always proportional 
to the absolute critical temperatures, the ratios of the volumes 1 are 
again nearly constant. But the two methods of comparison, are not 

as stated by Van der Waals—equivalent, and they cannot both, be 
correct, for it cannot be taken as even approximately true 'that the 
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absolute temperatures corresponding to pressures which, are always 
proportional to the critical pressures are themselves proportional to 
the absolute critical temperatures. Moreover, the values obtained by 
the two methods of comparison are not quite the same, and for two 
liquids which are chemically dissimilar the values may differ con¬ 
siderably. 

It is impossible at present to say with certainty which method of 
comparison gives the better results, but I am inclined to think that 
the comparison at proportional or “ corresponding” pressures is more 
likely to be correct. 

6. The relations of Yan der Waals, as regards “corresponding 5 ’ 
temperatures, pressures, and specific volumes of liquid hold good 
accurately in the case of the halogen-derivatives of benzene, but since 
the critical pressures are equal, the comparisons must always be made 
at equal pressures. 

7. Fluorine, chlorine, bromine, and iodine belong to the same group 
in the periodic table; the effect of substituting one of these elements 
for another in the compounds of the type C 6 H 5 R, as regards the 
relations between vapour-pressure, temperature, and specific volume, is 
extremely simple, but if hydrogen be substituted for one of the 
halogens the changes produced are much greater. 


XLXX .—The Molecular Weights of the Metals. 

By Professor W. Ramsay, Ph.D., F.R.S. 

The means at the disposal of chemists for determining the molecular 
weights of elements or' compounds have, until recently, been limited 
to the determination of their vapour-densities. Starting with 
Avogadro’s assumption, which by the investigation of 1 the kinetic 
theory of gases has now been given the precision of a law, the relative 
weights of gases under similar conditions of temperature and pressure 
are proportional to the relative weights of their molecules.' The 
standard of reference is hydrogen, which on chemical grounds is 
supposed to exist in the'free state as a diatomic molecule, and this 
assumption has been rendered almost certain by Kundt and Warburg’s 
determination of the ratio of the specific heat of mercury gas at 
constant volume to that at constant pressure, whereby it is shown 
that all the energy imparted In the form of heat to gaseous mercury 
can be accounted for by supposing It to impart increased translational 
velocity to the molecule; no energy appears to be absorbed, produc- 
: ;tOL, LY. ' :, " ’’ ', . ; ,2; o,, , 
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ing internal oscillation or parts of a molecule. Hence the conclusion 
that the atom of mercury constitutes the molecule. Hartmann, more¬ 
over, lias pointed out that that energy which disappears in producing 
internal work when presumably diatomic gases, such as oxygen, 
hydrogen, nitrogen, carbon monoxide, Ac., are heated, and which 
doubtless causes oscillation or rotation of the atoms within the 
molecule, in all probability bears a constant proportion to the trans¬ 
lational energy of the gaseous molecules. Such gases as HO, 00, 
HOL Ac., are not easily conceived other than diatomic; hence oxygen, 
nitrogen, and hydrogen may, from their similarity of behaviour as 
regards heat with these unmistakably diatomic gases, be also 
regarded as diatomic. 

The method of replacement by stages, although it has rendered 
excellent service in determining the molecular weights of compounds' 
and, indirectly, the atomic weights of elements, is from its very nature 
not adapted to the determination of the molecular weights of elements. 
A knowledge of the molecular weight of potassium chloride, for 
example, throws no light on the molecular, weight of the element 
potassium, although it may serve as an assistance in deducing the 
'atomic weight of potassium from its equivalent. 

On the supposition, then, that the molecular weight of hydrogen is 
expressible by the formula H 2 , the vapour-density method has fixed 
the molecular weights of the following elements in the state of gas:— 


Ha me. 


i Molecular 
! formula. 


Investigators. 


Monatomic. 


Di'atom ic ,' changing 
to monatomic at 
high temperatures 

Diatom «?,n ofc altered 
by rise of tempera¬ 
ture ... 

Triatomio. . 


f Mercury .. j Hg . 
I Cadmium .; Cd . 


j Sodium .. Xa ..... 

^Potassium j Iv.. 

f Iodine ....; L and I. 


Bromine .. I and Br P , 
.Chlorine.. j CL and Oi r.. 


f Hydrogen. 
< Oxygen .,. 
[ Xitrogen.. 
Ozone...... 

f Phosphorus 


D&irai&mk ........ j j Arsenic,... 

j l Antimony . 
'‘Metaiomic,, changing j' PSulphur.. • 
fcodmtomicat fiigl'U SelenUlm< . 

”*'* * ” t ^Tellurium. 




H, , 

o;.. 

. 

0 3 . 

P 4 P 2 (?).... 

As4*A%(?) . 

Sb 4 (?)Sb*{P) 

SiWAv- 

Se 6 (?)Se 2 ... 

Te 6 (?)Te 2 ... 


1 Dumas; V. Meyer. 

Deville and Troost. 

: Mensehiug and V. Mover. 
Scott, 

Scott. 

: Dumas; Deville and Troost ; 
| Y. Meyer • Crafts and Meier. 
, ! J ahn ; Y. Meyer and Ztiblin. 

I Ludwig ; Y. Meyer; Crafts. 

| Begnault; Y, Meyer, 

; Regnauli; Jolly; Y, Meyer. 

j >> » jj 

I Andrews and Taifc. 

! Dumas; Deville and Troost; 
j' Y, Meyer. 

Mitsclierlich; Deville and 
Troost; V. Meyer. 

Y. Meyer. 

Dumas; Bineau j Deville and 
Troost; Y. Meyer; Blitz. 
Deville and,Troost. 

Deville and Troost, 
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About tlie molecular formula? o£ mercury, cadmium, zinc, sodium, 
and potassium there, can be no doubt, so'far as the gaseous density 
reveals them; nor are those of hydrogen, oxygen, and nitrogen 
uncertain. But the remaining elements in this table, which, it may be 
remarked in passing, are all commonly called non-metallic, exhibit 
densities varying with temperature, and from what we know regard¬ 
ing similar behaviour of compounds, and especially of those which 
dissociate into like molecules, it may be concluded that they exist in 
different molecular aggregates, according to their pressure and their 
temperature. It is, to say the least of it, remarkable that the majority 
of elements, about the molecular complexity of which anything is 
known, should exhibit such a marked contrast to the majority of 
compounds, where dissociation is the exception and not the rule. 

The theory of the analogy between the condition of matter in dilute 
solutions and in gases under moderate pressure and moderately high 
temperature, so beautifully developed by Tan’t Hoff ( Phil. Mag., 
Aug., 1SSS), and the clear and incontrovertible deduction of the 
necessary sequence of Raoult’s law of tlie connection between the 
molecular weight of a dissolved substance and the depression of the 
vapour-pressure of the solvent, or the lowering of its melting point, 
have placed in the hands of chemists a new means of investigating the 
molecular weights of substances inconvenient or impossible to gasify. 
This method has been applied to the determination of the molecular 
weights of the following elements:— 

Method of Depressing the Vapour-pressure of the Solvents.* 

Iodine dissolved in solvents with brown colour .... I 4 . 

Iodine dissolved in solvents with violet colour. I> to I*. 

Method of Depressing the Melting Point of the Solvent.f 


Bromine in water and in acetic acid.. Biv 

Iodine in. benzene (very dilate) .............. ... I a . 

„ (more concentrated) . ... I 2 to I 4 . 

Sulphur in benzene...... ,Sg. 

Phosphorus in benzene ........ ... P 3 to P 4 . 


It would thus appear that iodine, like phosphorus and arsenic, but 
at far lower temperatures, tends to form a molecule' of the complexity 
1 4 whilst the complexity of the sulphur molecule at, low temperatures 
is confirmed (see Biltz, Zeit. phydhal. Chem 2, 920; also Bamsay, 
ibid., 3, 67). 

* Loeb, Zeit physical. Chem., 2, 606. 
f Paternd and Hasiui, Ber., 21, 2153. 
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B is unlikely that the method of vapour-densities will render any 
furtlier service in determining the molecular weights of other elements. 
Their temperatures of volatilisation are so high that Dumas’ method, 
the only one adapted to settle the point decisively, cannot he em¬ 
ployed. 

It occurred to me that "by using mercury as solvent, many of the 
metals might be investigated. But as Baoult’s method presupposes 
a knowledge of the molecular weight of the solvent, the question 
arises, what is the molecular weight of liquid mercury ? I think it 
very unlikely, in view of the investigations of Dr. S. Young and 
myself, that in condensing from gas to liquid the molecular weight of 
mercury is altered. Our experiments with stable liquids, such as the 
alcohols and ether, have shown that their molecular formulae are not 
increased, even at low temperatures, when the vapours are in contact 
with their respective liquids. And further proof, which cannot be 
gainsaid, of the non-association of mercury-atoms is furnished by the 
research of Kiindt and Warburg, previously alluded to ( Pogg . Am., 
127, 497; also 135, 387 and 527). It will he remembered that they 
showed that the total energy communicated to mercury vapour' as 
heat, even when the vapour was in contact with liquid mercury, was 
employed in effecting translational motion of the molecule, whence it 
may be concluded that even the saturated vapour of mercury consists 
of single atoms. Hence it appears just to consider the molecular 
weight of liquid mercury as equal to its atomic weight, 200. 

The simple formula connecting the molecular weight of the dis¬ 
solved substance with the depression of vapour-pressure which the 
dissolved substance produces in the solvent is— 

MW = x P x P . 

100 x d 5 

where MW is the molecular weight to be found; APW' the molecular 
weight of the solvent; P/100 the percentage weight of dissolved 
substance in the solution; p, the vapour-pressure of the solvent; and 
d, the depression in the vapour-pressure of the solvent produced by 
adding the substance dissolved. 

This expression becomes for mercury as solvent— 

MW = 200 x p x 2 - 

100 x d - d ' 

Apparatus Employed. —The first form of apparatus used was a 
U-tube, one limb of which was'about 160 mm. long, and sealed; 
about 30 mm. from the sealed end a trap was provided. The other 
limb was about 400 mm. in length, and was connected at its upper 
end by sealing with a gauge standing in the same trough with a 
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"barometer-tube of similar bore. This |J -tube was jacketed with pure 
bromonaphthalene, which, bj means of the arrangement described on 
another occasion (Phil. Trans., 1887, A, p. 59), could be made to boil 
under various pressures alterable at will; hence it was possible, from 
data given in the Trans., 1SS5, 640, to heat the fj-tube to such 
temperatures as 260° or 270°, with the certainty that the error in 
temperature was a small one. 

Previous to the experiment, the {J -tube was filled with the required 
amalgam, and all air was expelled by boiling it past the trap. The 
U -tube was then placed in position, and a little more mercury was 
added. Both limbs of the |J -tube were graduated in millimetres, so 
that, when the mercury fell in the shorter limb and rose in the longer 
one, the difference of pressure in the two limbs could be read. But as 
the open end of the JJ -tube was connected with a gauge, it was possible 
to vary the position of the mercury in both limbs, and so to obtain a 
set of readings at the same temperature. 

To control the accuracy of the process, determinations were made 
of the vapour-pressures of mercury alone at 260 3 and 270 3 . In the 
following table all the data are given, so as to afford an idea of the 
method and its trustworthiness :— 


‘ Temperature 260°, Pressure under which Bromonaphthalene toiled 
488*95 mm. at 19*5°, the Atmospheric Temperature. 


Open. 

Close. 

Gauge. 

Barometer. 

A x . 

An. 

aV 

a' 2 . 

As* 

mm, 
61 -0 

min. 
25 *4 

mm. 

276*8 

mm. 

145 -5 

35-6 

131*3 

34*0 

130 *8 

min. 

96*8 

61 *0 

25-5 

276-7 

145 *5 

35 *5 

131 *2 

33 *9 

130 -7 

96 *3 

55 *4 

31 ”0 

266 *3 

145 *65 

24*4 

120 *65 

23*3 

120*2 

96*9 

49 *2 

37*0 

254*95 I 

145*9 

12 *2 

109 *05 

11 *65 

108*65 

97 *0 

49 T 

36 *95 

254*9 

145-95 ; 

12-15 

108*95 

11*60 

108*55 

96 *95 

44 *4 

41*7 

245 *95 

146*0 

2*7 

99*95 

2*6 

99 *55 

96*95 

44 -4 

41*6 

245 *9 

146 *0 

2*8 

99*9 

2*7 ' 

99*50 ! 

96*80 






! 


Mean .. 

96-87 


In this table, the first two columns refer to the |J -tube, the open 
end being the one connected with the gauge. A x and are respec¬ 
tively the differences between the readings in the U -tube' and those 
of the gauge and barometer. , A\ is A l corrected from 260° to 0°; 
A* 2 , A 3 corrected from 19*5° to 0°; A 3 is the difference between the 
two, and gives the observed vapour-pressure of mercury. 

At 270°, the following results were obtained:— ^ 
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Pressure under which Bromonaplithalene boiled, corrected to Atmospheric 
Temperature , 21°, *771 mm. 


Open. 

Close. 

Gauge. 

Barometer. 

A i* j 

a 2 . 

Ah- 

Ah- 

a 3 . 

mm. 

78 *8 

mm. 

7-95 

mm. 
337 3 

mm. 

145 *0 

70-85 

192*3 

67*4 

191*6 

mm. 

124*2 

78 -8 

7 *95 

337 *2 

145 *0 

70 *S5 

192*2 

67*4 

191*5 

124*1 

68*6 

17 -8 

318-9 

145-15 

50*8 

173-75 

48*3 

173 -15 

124*85 

68-4 

IS *0 

SIS-7 

145 *1 

50 *4 

173-6 

47*9 

172 *95 

125 *05* 

59 *4 

26*95 

301*3 

145 3 

32 *45 

156 *0 

30 85 

155 *45 

124*6 

59*35 

27 0 

301*25 

145 *25 

32*35 

1 156*0 

30 *75 

155*45 : 

124*7 

51*4 

34*8 

286 *5' 

145 "4 

■16 *6 

j 141 *1 

15 *8 

140*6 

124*8 

47 *65 

38 *0 

279*9 

145 *5 

9*65 

! 334-4 

9 *15 

133 *9 

124*75 

47 *75 

37*9 

279*85 

145*45 

9*S5 

| 134*4 

9 *35 

133*9 

124 55 

43 *7 

41*9 

272*0 

14C *t>D 

1*8 

1 126*45 

1*70 

126*0 

124: *3 

43*8 

42 *0 

272 *05 

145 *6 

1:8 

! 126*45 

1*70 

126 *0 

124*3 




i 




Mean.. 

124*56 


We have Here two determinations ■ of the vapour-pressure of 
mercury, viz., at 260°, 96*87 mm,, and at 270°, 124*56 mm. These 
figures assume that the vapour-pressures of bromonaplithalene have 
been correctly determined at these temperatures. The vapour- 
pressures of bromonaplithalene were determined by Dr. Sydney 
Young and myself by the method described by us in Trans., 1885, 
42. But we have also shown (Trans., 1886, 47), that the vapour- 
pressures of mercury follow the law pointed out by us in the Philoso¬ 
phical Magazine for December, 1885, and January, 1886; and that it 
is possible from two trustworthy observations of the vapour-pressures 
of a substance at any two temperatures not too close to each other, to 
calculate the temperature corresponding to any vapour-pressure below 
6000 mm. By means of these relations we calculated the vapour- 
pressures of mercury at intervals of 5° from 185° to 520°. The 
calculated vapour-pressure of mercury at 260° is 96*66 mm, I have 
now found 96*87 mm.' The difference, 0*21 mm,, corresponds to an 
error in temperature of the bromonaplithalene of 0*27°; and at 270°, 
the calculated vapour-pressure of mercury is 123*90 mm.; whereas 
the vapour-pressure found is 124*56 mm., the difference is 0*66 mm., 
corresponding to a difference in temperature of 0*21°. The error as 
' thus calculated may be wholly aseribable to the determination of the 
vapour-pressures of bromonaplithalene, in which case those given by 
'|)t>, ;Young and myself are at such temperatures low by a pressure 
'CLbont* 0*2°; or it may be ascribed to error in the deter¬ 
mination of the vapour-pressures of mercury. I am disposed to 
believe the former supposition; but whichever be taken, the:difference, 
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is a minute one for such, high temperatures, and the observations 
furnish further proof of the accuracy of the work already referred 
to. 

In carrying out similar experiments on amalgams by means of 
this apparatus, two difficulties were met with which led to its 
abandonment. These were, first, the difficulty of introducing the 
amalgams of easily oxidisable metals without considerable oxida¬ 
tion ; this caused a difference in the surface tension of the mercury in 
the closed limb and the open limb of the jj -tube; and although it is 
easy to introduce such a correction as would approximately restore 
the surfaces of the mercury to .the position which they would occupy 
on the scale provided both meniseuses were plane surfaces, yet this 
correction does not show the true position of the mercury, inasmuch 
as a greatly curved meniscus means that the mercury is considerably 
depressed in that limb of*the tube on which the meniscus is so curved. 
It is impossible to estimate the value in millimetres of this depression; 
and hence no allowance is possible. This unknown error may bear 
a considerable proportion to the whole depression observed, which is 
not a very great one. The second difficulty is, that the solubility of 
many metals in mercury at 260° or 270° is very slight. How as the 
depression of the vapour-pressure of mercury by a dissolved metal 
depends on the total amount of metal dissolved, and is inversely pro¬ 
portional to the molecular weight, a very weak solution cannot be 
employed, else the probable error bears too large a proportion to the 
total quantity measured. But the results of measurements with 
cadmium and with sodium bear out the conclusions of subsequent 
experiments, hence they are worth quoting here. I should mention 
that attempts were also made to determine the behaviour of zinc, 
magnesium, barium, and silver, but owing to the oxidation of the 
first three 1 of these metals during their introduction, the glass was 
wetted by the metal, and it was almost impossible to obtain readings ; 

, with silver, the solubility was too small at 270° to permit of trust¬ 
worthy measurements. 

1. Cadmium —Temperature = 260°; percentage in amalgam, 2*074; 
vapour-pressure (mean of II measurements), 93*02 mm.; highest 
measurement, 93*6 mm.; lowest, 92*2 mm.; calculated ' molecular 
weight, 104*1; temperature = 270° ; percentage, the same ; vapour- 
pressure (mean of 9 measurements) 120*17 mm.; highest measure¬ 
ment, 120*75 mm.; lowest, 119*45 mm; calculated molecular weight, 
117*7; mean of both determinations, 110*9; atomic weight of cad¬ 
mium, 112*1. 

2. Sodium .—Temperature == 270'°:; percentage in amalgam, 0*6*255; 
vaponr-pressnre (mean of IS measurements),' 112*9 mm.; .highest' 
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measurement, 114*2 mm.; lowest measurement, 111*3 mm.; calculated 
molecular weiglit, 13*36 ; atomic weight of sodium, 23*04. 

Owing* to the difficulty of experiment, this process was abandoned 
in favour of a simpler one. A (J -tube with a shorter limb was em¬ 
ployed, of the shape shown in the figure. Close beside, almost in 



contact with it, was a perfectly similar \J -tube. . Both of these tubes 
were surrounded by a bath of mercury vapour. The one containing 
the amalgam was connected with a gauge standing in the same trough 
with a barometer so that the pressure could be slightly altered, and 
various separate readings of pressure could be taken. As the tem¬ 
perature of the boiling mercury was not invariably, that corresponding 
to the atmospheric pressure of the day, some slight difference being 
always caused by radiation, or by convection currents,' the second 
y-tube, which contained pure mercury, served to correct the reading; 
for, had the temperature been exactly that of mercury vapour, the 
leVeffief the mercury in, the two limbs of the second 'U-tube would 
have been. the same; this was sometimes the case; but as a rule, the 
%mperat^ was slightly below: that of'the temperature of 

the vapour of boiling mercury at the pressure' of the day, 'and by sub- 
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tracting the difference in level of the mercury in the two limhs of the 
second U -tube from the height of the barometer, the pressure truly 
corresponding to the temperature of the mercury vapour was 
obtained. 

In this way, a series of determinations at the boiling point of 
mercury were obtained ; it was unnecessary to know the temperature, 
for that corresponded to the pressure of the atmosphere of the day, 
subject to the correction mentioned. 

Various methods of filling the experimental JJ - tube with amalgam 
were resorted to, according to the nature of the metal experimented 
with. The usual method of procedure was as follows :—The tube 
was pumped empty by means of a Sprengel’s pump, and hydrogen 
was admitted to restore the pressure. The tube was again evacuated, 
and the amalgam, previously prepared, was introduced through the 
side-tube. The determinations having been made, the percentage 
composition of the amalgam was ascertained by analysis. This plan 
was pursued with oxidisable metals, such as lithium, sodium, 
potassium, barium, and manganese. With metals easily obtained 
and not readily oxidisable, the requisite amount of mercury, 
weighed out, was introduced into the tube. The tube was then 
exhausted and filled with hydrogen ; the metal, weighed out, was 
dropped on to the mercury, and the stopper replaced; and the tube 
was again exhausted and again filled with hydrogen. Before each 
experiment, the contents of the |J -tube were well boiled for about an 
hour under diminished pressure, so that all gas might be carried 
round the bend. On increasing the pressure, it is necessary that the 
mercury column should quickly touch the glass, leaving no trace of 
a gas-bubble, During each experiment, often between each two 
readings, the pressure was again reduced so as to ensure the expulsion 
of any residual gas. It was seldom found that this operation was 
necessary, for, as a rule, the readings obtained were identical within 
the limits of experimental error. 

The proportion which the experimental error bears to the result 
obtained differs in each individual case. It was not common to 
obtain two readings from any set with so great a difference as 1 mm. 
in pressure. But 'when the total lowering of vapour-pressure amounts 
to 10 mm. this represents an extreme error of 10 per cent. In cases 
where larger amounts were used the error was proportionately 
smaller, and often did not amount to more than 1 or 2 per cent. The 
mean result is'of course still more trustworthy. 

The source of an error which cannot be' very great, and yet which 
cannot well he estimated, has been previously mentioned, viz., that 
the form of the meniscus' in the closed. limb differs from that in 
the open limb. Here it is not' the mere differences in level which 
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require correction, that can easily be approximated to, and has been 
uniformly allowed for; it is tbe unknown diminution or increase in 
pressure produced by the tendency of the curved surface to occupy a 
lower position in the tube than a plane surface would. The general 
concordance of the results would, however, show that this error is 
not a serious one. The depression in one limb is partially balanced 
by that in the other, and the algebraic sum is probably negligeable. 

The results wall now be considered in the order in which the 
metals occur in the periodic table:— 

1. Lithium. —Prepared by electrolysing a solution of the chloride, 
mercury forming the negative electrode. Long, lustrous, needle- 
shaped crystals separated on standing, which rapidly become dull, 
and melted on exposure to air. The constants were determined, and- 
the lithium in the portion of amalgam employed was subsequently esti¬ 
mated as chloride. The amalgam was admitted through the side tube. 

21 Sodium .—Sodium amalgam, prepared in the usual way, was 
employed. It was admitted through the side-tube into a rarefied 
atmosphere of hydrogen. Live sets of experiments were made, the 
percentage of sodium in the amalgam being different in each case. 
The sodium was afterwards estimated as chloride. 

3. Potassium .■—The results with potassium amalgam were similarly 
obtained, two sets of experiments being made. 

4. Barium. —Barium amalgam was prepared in the same manner as 
lithium amalgam. Before introducing it into the SJ-tube, it was 
warmed so as to bring all the barium amalgam into solution. When 
cold it was filled with needle-shaped crystals. After the experiments 
hail been made, the barium was estimated as sulphate. 

5. 6, and 7, Repeated attempts were made to prepare beryllium, 

calcium, and strontium amalgams in a similar manner, but without 
success. The amalgams can be made, but are so easily attacked, by 
water, even when the tube in which the electrolysis took place was 
surrounded by a freezing mixture, that they were not of sufficient 
concentration to give trustworthy results. All of them oxidise very 
rapidly on exposure to air, beryllium amalgam becoming covered with 
a Mack film, whilst strontium and calcium are covered by a grey film 
of oxide. ' During the electrolysis of calcium chloride, the, solution is 
filled with, black particles; this is not the case with strontium .or 
barium. Attempts were also made, but without success, to prepare 
the metals by the electrolysis of the fused chlorides; for no coherent 
lumps; were obtained which would have been suitable for such deter- 
minations. ■ The depression produced by these amalgams was always 
tohatpalitpigive' trustworthy results. The result for calcium, how-, 
ever, will be given in its place, but it must not be considered as' of 
any, great value* ;■ . ■... . 
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8. Magnesium .—A sample of commercial magnesium was sublimed, 
in a vacuum by beating it to redness in a piece of bard combustion 
tubing. It sublimed with difficulty; but the resulting metal bad a 
silver-white colour, and was obviously pure. A weighed piece was 
dropped on the surface of tbe mercury in tbe fj “tube ; the tube was 
then exhausted and filled with hydrogen. Two sets of experiments 
were made with, different, quantities. 

9. Zinc .—This metal was also carefully purified by distillation in a 
vacuum. Tbe pure zinc was barely attacked by hydrochloric acid* 
even at boiling temperature. Tbe method was tbe same as with 
magnesium. Three sets of experiments were made. 

10. Cadmium .—The sample was also purified by distillation. Three 
sets of experiments were made. 

These amalgams are also unstable in moist air. The amalgam of 
magnesium turns black:, and it was conjectured that the black sub¬ 
stance might prove to he a snboxide of magnesium ; but on analysis 
it proved to be a mixture of magnesia with finely divided mercury* 
Zinc amalgam is more stable in air than magnesium amalgam; and 
the cadmium compound may be exposed for some time without much 
oxidation. 

11. Aluminium .—A sample of aluminium wire, which contained on 
analysis 99T per cent, of aluminium, was employed. It w T as cut into* 
short lengths and dropped into a weighed amount of mercury con¬ 
tained in the |J -tube. After exhaustion and filling with dry hydrogen, 
the aluminium dissolved readily on boiling the mercury. The result¬ 
ing amalgam possesses a most curious property. A drop, allowed to 
stand in ordinary air, sends ont a loose, porous, white mass of alumi¬ 
nium oxide, w T hicli grow T s from hour to hour and presents the appear¬ 
ance of a long, white worm, often attaining the length of a foot. All 
the aluminium is thus expelled from the mercury, and the alumina 
may he ignited and weighed. Two sets of experiments w T ere made. 

12. Gallium, —By the kindness of M. Lecoq de Boisbaudran, I was 
furnished with 0*5 gram of gallium. . It dissolved easily in the 
mercury.. One estimation was made. The gallium amalgam does 
not tarnish in air. 

13. Thallium .—A sample of commercial thallium w r as purified by 
precipitation as chloride, and reduction by fusion with potassium 
carbonate and cyanide. ■ The amalgam is easily made, and does not 
tarnish. Five experiments were made. 

' 14. Tin .—The metal was reduced, from the dioxide as with thallium* 
The amalgam is stable in air. Two experiments were made. 

15. Lead ,—The metal was prepared from the, chloride, as above* 
Two sets'of readings were, taken. ■ ■ 

y "16. .Arsenic ,—.Attempts to prepare an amalgam of arsenic failed; 
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the element is insoluble in mercury, even at the boiling point of 
mercury ; and on electrolysis of the dilute chloride, the element is 
deposited on the surface of the mercury; none enters into solution. 
Hence experiments could not be carried out. 

17. Antimony. —Antimony dissolves in mercury freely at the boiling 
point, but crystallises out in spangles on cooling. The amalgam is 
permanent in air ; four estimations were made. 

IS. Bismuth. —Two experiments were made with this amalgam. It 
is permanent in air. 

19. Copper. —Although copper amalgamates readily, yet its amalgam 
is almost insoluble in mercury, even at the boiling point, giving too 
small a depression of vapour-pressure, hence experiments made with 
it failed. 

20. Silver. —The same remark applies to silver. But the amalgam 
is much more soluble in boiling mercury than The corresponding one 
of copper. One set of readings was taken. The composition of the 
amalgam, after it has been heated to dull redness, appears to be 
Ho; A 

21, Gold. —This amalgam is also not freely soluble; yet sufficient 
dissolved for the purpose. 

22, 23. Platinum and Palladium. —“These metals do not dissolve in 
mercury to a sufficient extent to make it possible to carry out experi¬ 
ments. 

24, 25. Iron and Nickel .—Attempts to produce these alloys by 
electrolysis succeeded in so far as dilute solutions were obtained ; but 
the amount present was too small to allow of an estimation of their 
molecular weights. 

26. Manganese. —This element was amalgamated by electrolysis of 
its chloride. The amalgam rapidly turns black in air, but may be 
preserved for some time under water in a closed vessel, on which it 
has little or no action. Under alcohol, in an open vessel, it rapidly 
becomes oxidised, owing to absorption of the oxygen of the air. A 
successful series of readings was obtained. 

The results of these experiments are given in the table (p. 533), 

On inspecting the table it will be seen that the molecular weights 
of the elements lithium, magnesium, zinc, cadmium, gallium, tin, lead, 
Bismuth, silver, and gold are expressed by numbers almost identical 
with their' atomic, weights. But here the question of probable error 
of experiment should be considered. It may be taken that no two 
readings of any set differed by more than a millimetre.' The total 
..depression with different elements, however, is represented by numbers 
of . very different magnitude. Thus with the smallest quantity' of 
.sodium,', fakeny 0*86, atom per 100 atoms of mercury, the mean total 
depression; observed'' was 6*7 mm. The, probable error is, however, 
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Tabulation of Results . 
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reduced "by tlie number of observations, and cannot be considered so 
great as 1 mm. It would' Lave been easily possible to calculate the 
true mean probable error; but the result would have given a fallacious 
impression of the amount of error. For, as has been previously re¬ 
marked, there is a source of error impossible to estimate, due to 
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unequal capillary depression in the open and closed limbs of the (J -tube. 
It must however be held that those measurements in which a large 
depression was observed are more accurate than measurements of a 
small depression, inasmuch as the total quantity measured bears 
a much greater proportion to the sources of error. 

The element sodium, present in small proportion to the solvent 
mercury, has apparently a molecular weight lower than the atomic 
weight, the number 21*6 being found, whereas the atomic weight is 
23. On increasing the proportion of sodium, the apparent molecular 
weight falls, till with 5*35 atoms per 100 atoms of mercury, the 
number 1.5*1 is reached. This behaviour is not observable with 
potassium, the numbers obtained with 1*55 and 5*26 atoms of metal 
per 100 atoms of mercury being sensibly identical. The low number 
cannot be due to the existence of stable alloys of these metals with 
mercury, for if these -were present a higher and not a lower weight 
would be observable. One possible cause, and that appears an im¬ 
probable one, is that the presence of sodium tends to produce an 
association of atoms of mercury so that it would no longer be justifi¬ 
able to assume the atomic weight of mercury as identical with its 
molecular weight. It may, on the other hand, be the case that a 
definite stable alloy of soclium and mercury is formed, with a definite 
vapour-pressure, and that such a substance acts as a solvent. It is, 
however, remarkable that lithium, au element closely related to 
sodium, gave no sign of such irregularity, while alteration of dilution 
with potassium is apparently without influence on the molecular 
weight, which nevertheless w T as found lower than the atomic weight, 
viz., 29 and 30, instead of 39. 

But little weight can he attached to. the result with calcium; the 
difficulty of producing a sufficiently concentrated amalgam hindered 
any further experimental investigation. Various attempts were made 
without success. But with both calcium and barium the same pecu¬ 
liarity is seen, viz., molecular weights lower thau the atomic weights 
of these elements. ISTo doubt the cause of this behaviour, whatever it 
may be, is the same as determines it with sodium ; but as a study of 
the influence of varying amounts did not throw light on the anomaly 
with sodium, series of experiments with metals much more difficult to 
manipulate were not executed. 

Perhaps the same tendency may account for the results with mag¬ 
nesium ; ■ but as the total depression with 0*7 atom present per 100 of 
mercury amounted to only 7*4 mm., too much weight must not be 
attached' to the number 24*0. With cadmium, again, tbe numbers 
obtained are Somewhat low; and about these results there can be no' 
doubt cadmium was free from zinc, .and-was redistilled in a 
; vabuuiii''.before rise.'; • , , , , "'A.',, : '; - 
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The metal thallium. o£ •which the atomic weight is approximately 
204, again gives low results, varying from. 164 to 198 ; but the 
tendency is here to rise with increase of metal proportionately to 
solvent. Still there can be no doubt here as to the molecular 
weight indicated. 

The metals tin, lead, antimony, and bismuth show distinct tendency 
towards association of atoms. The more concentrated the amalgam 
the higher the apparent molecular weight. As regards the number 
301‘2, obtained for antimony, with 6*22 atoms per 100 of mercury, 
such a high result may well be due to the limit of solubility of anti¬ 
mony in mercury having been reached., The amalgam, on cooling, 
was filled with crystals of antimony, and there may well have been 
free antimony in the hot amalgam. This would have the effect of 
apparently raising the molecular weight; for that portion which did 
not dissolve in the mercury would still appear on the numerator of 
the fraction in the equation given on p. 524, and would cause, the 
quotient to be too high. I do not think that this was the case with 
3*84 atoms of antimony present per 100 of mercury, for the amalgam 
on cooling deposited few ciystals. And the remark is also inapplicable 
to the three metals tin, lead, and bismuth, all of ■which are readily 
soluble in mercury. 

The metals gallium, silver, and gold give numbers sufficiently 
near their atomic weight to render it probable that* the molecule 
and atom are with them identical. 

The only other elements to he considered are manganese, with which 
the normal number was obtained, and aluminium, which gave inva¬ 
riably high results. Good commercial aluminium was used, which on 
analysis was found to contain over 99 per cent, of that metal. The 
result can hardly be attributed to impurity, but must be connected 
in,some way with the metal itself. The numbers 36*7 and 33*1 were 
found Instead of 27. It is possible but not probable that such a 
high result is due to association of atoms; for' very different 
amounts were used in each case, viz., 1*52 atoms and 2*94 atoms per 
100' atoms of mercury. ' 

It Is Interesting to compare these results with those of two experi¬ 
menters who ' have published their results since the preliminary note 
of this research was read'; Messrs. Heycock and Neville made use 
of the method of freezing In a similar series of observations; Their 
preliminary note is published in the Proceedings of the Chemical 
Society , 1889, No. 65. Employing tin as solvent, they find concordant 
results for the metals zinc, copper, silver, cadmium, lead, and mer¬ 
cury, , The elements antimony and aluminium gave ab normal results. 
With antimony they obtained a rise, connected possibly -with the 
formation of a compound of antimony and tin, and its serving as 
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solvent; and with aluminum the fall was only 1*34° per atom of 
metal per 100 atoms of solvent instead of about 2*4°. This would 
imply a high molecular weight for aluminium ; in fact, assuming the 
other metals to have molecular weights identical with their atomic 
weights, the molecular weight of aluminium should be represented by 
the formula Ah when dissolved in tin. 

G. Tamman has also published a memoir in Ostwald’s Zeitschrifl fur 
pJiifsil'aliscJie Ohemie , 1889, 441, in which he gives results similar to 
those of Messrs. Heycock and [Neville. He used mercury as solvent, 
and with the metals potassium and sodium obtained what he con¬ 
siders normal results ; taking as the molecular depression of freezing 
point of mercury 425, the mean numbers for these metals are 424 
and 420. Very dilute solutions were used, varying from 0'048 atom 
to 0353 atom per 100 atoms of mercury. With thallium and with 
zinc, lower numbers were obtained, viz., 365 and 390, while with 
bismuth the number 570 expresses incipient association. With lead, 
cadmium, gold, and tin his results, when only small amounts were 
employed, were also normal; but with larger amounts, either associa¬ 
tion of atoms or formation of stable alloys occurred, rendering the 
results inconclusive. 

Similar experiments, in which sodium was employed as solvent, 
gave erratic results—in every case appearance of association of atoms 
being observed. But Tamman points out that it is improbable that 
such association can take place, as it would contradict experience. 
We have, however, no knowledge of molecular weights of metals at 
low temperatures; which, moreover, are eminently favourable to 
chemical association of atoms to form molecules. Ho opinion can be 
pronounced on Tamman’s suggestion ■ in the present state of our 
knowledge. It is, however, noteworthy that the solvent in this case 
is a substance which gives curious results as regards its own mole¬ 
cular weight as determined by the boiling point method; and it may 
be that its molecular aggregation is disturbed by the presence of 
foreign metals dissolved in it. 

So far, then, as conclusions can be drawn from these experiments, 
it would appear legitimate to infer that in solution, as a rule, the atom 
of a metal is identical with its molecule, as the physical properties of 
those metals which have been vaporised would lead us to suppose. 
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L.— The Amount of Nitric Acid in the Main-water at JRotuamsied, with 
Notes on the Analysis of Rain-water , 

By R. Wabixgtox, F.R.S. 

The earliest analyses of the rain-water at Rothamsted published by 
Lawes and Gilbert (Brit. Ass* Report, 18-54), do not include the 
determination of nitric acid; attempts were indeed made to deter¬ 
mine the amount present, but the method used proved inadequate for 
this purpose. Way subsequently determined the nitric acid in samples 
of Rothamsted rain-water, representing the rainfall of each month in 
1855 and 1856 (J. Boy. Agri. Sac 1856, 142, 618; 1886. 12). To 
accomplish these determinations he made use of the reaction pro¬ 
posed by Bunsen : the residue obtained by evaporating the rain with 
lime-water was heated with potassium iodide and hydrochloric acid 
in a flask free from oxygen, and the liberated iodine determined. 
By this process he obtained a mean of QT2 of nitrogen as nitric acid 
per million of water, the extreme amounts in the rainfall of any 
month being 0*06 and 0*30 per million. The total quantity of nitric 
nitrogen in the rainfall of each year was respectively 0*72 lb. and 
0*76 lb. per acre. 

In 1869 and 1870, Dr. E. Frankland examined 71 samples of rain¬ 
water from Rothamsted for nitric acid. He found that his usual 
method (the production of nitric oxide gas by the action of the water 
residue mixed with sulphuric acid upon mercury) failed to show the 
presence of nitric acid. Thirty-four of the samples of rain-water 
were, however, examined by the aluminium method, and in each case 
nitric acid was found. The arithmetical mean of these 34 analyses 
gives 0*14 of nitrogen as nitric acid per million of water, the extremes 
being 0*01 and 0*44 per million. In samples of dew, a maximum of 
0*50 was obtained. As the samples of rain examined did not repre¬ 
sent the whole rainfall of any period, they do not afford material for 
calculating the average composition of rain-water; the mean result 
of the 34 analyses' agrees, however, substantially with the earlier 
results obtained by Way, 

In recent years, new determinations of the ammonia, chlorine, and 
sulphuric acid in rain-water have been made at the Rothamsted 
Laboratory (Trans., 1887, 501); we have now To record similar 
results relating to nitric acid. 

The rain-water employed, as in all the determinations already 
noticed, was collected in a' large leaden gauge, having an area of 
1-1000th of an acre. Gf the daily collection; of rain, dew, or snow- 
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water, a fixed fraction (a gallon for each inch) was placed in a 
carboy ; at the end of each month the contents of the carboy was 
mixed, and a sample taken for analysis. In the carboy receiving the 
rain for nitric acid estimation, a little mercuric chloride was placed 
each month, with the view of preventing any change of ammonia into 
nitric acid; it may he doubted, however, if this precaution was 
necessary, as the rain-water always contained a very appreciable 
amount of lead, and earlier experiments (/. Boy. Agri. Soc 1883, 
319) showed that on the whole the rain-water more frequently 
gained than lost ammonia by keeping. 

The method first employed was to concentrate 10 lbs. of the rain¬ 
water in a retort, a little magnesia being added to decompose any 
ammonium nitrite or nitrate present. The concentration was con¬ 
ducted in a retort, as earlier experiments had shown (Trans., 1881, 
229) that evaporation in the open air, and especially over gas, 
resulted in a distinct addition to the nitrites present. When concen¬ 
trated to a small bulk, the water was filtered, and then evaporated 
nearly to dryness in a very small beaker. The nitrogen as nitrates 
and nitrites was then determined by the improved form of Schloesing’s 
method already described (Trans., 1882, 345), the amount of nitric 
nitrogen being ascertained by measurement of the nitric oxide gas 
obtained. 

My own experiments had shown Schloesing’s method to be sus¬ 
ceptible of great accuracy, and to be quite unaffected by the presence 
of organic matter. Suspicion was, however, aroused that nitrates 
were lost during the final stage of concentration of the water. In 
some cases, depending apparently on the amount of organic matter 
present, a heavy black deposit, probably of reduced lead, was formed 
when the water reached a small bulk, and from this deposit bubbles 
of gas were continuously evolved. Fearing the reduction of nitrates, 
I sought to control the results by some method in which the concen¬ 
tration of the water should he unnecessary. The aluminium method 
seemed open to objection, as it involved the addition of much sodium 
or potassium hydrate, which would probably react on the nitrogenous 
organic matter in the rain-water and produce' ammonia. I' resolved, 
therefore, to try the copper-zinc couple, following the plan proposed 
by M. W. Williams (Trans., 1881, 100). 

In the experiments first made, ammonia was determined in one 
portion of the rain-water; the .nitrates and nitrites were then reduced' 
by means of the couple in another portion of the water, and ammonia 
again determined; from the difference in the quantity of ammonia 
found'in the' first and second determination, the quantity of nitrogen 
originally present as. nitrates and' nitrites was calculated, This mode 
of proceeding was soon rejected as admitting of little 'exactness. As 
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the determinations of ammonia were made by JNesslerising, the quan¬ 
tity of ammonia present in the second determination was necessarily 
small, and the greater part of tliis consisted of the ammonia originally 
present in tlie rain; tlie errors of two determinations thus fell on the 
very small amount of ammonia representing the nitrates and nitrites 
in the water. 

The method finally adopted was to boil rapidly 1 litre of the rain- 
water in a retort, with a little magnesia (previously raised to a low 
reel heat and then washed), till 250 c.c. had distilled over. The 
residue was then made up to 800 c.c., transferred to a wide-mouthed 
stoppered bottle, supplied with strips of zinc foil converted into 
couple, and placed in an incubator at 21—*24° for three days.* A 
measured portion of the sointion was then distilled, and the ammonia 
in the distillate determined. 

This plan had two advantages: 1. The ammonia, as well as the 
nitrogen as nitrates and nitrites, could be determined in the course of 
the same operation, and in the same sample of water. For this purpose 
it was only necessary to fit the retort to an efficient condenser, and to 
remove all ammonia from the apparatus by boiling distilled water in 
the retort before introducing the rain-water. The distillate of 
250 c.c. afterwards obtained was well mixed, and the ammonia 
present determined in 25, 50, or 100 c.e., diluted to 150 c.c. with 
water free from ammonia. 2. The nitrogen as nitrates and nitrites 
was determined directly and alone; the error of the determination 
was also as small as Nfesslerising admits of, since it was possible, if 
necessary, to distil 600 c.c. of the boiled rain-waiter (corresponding to 
750 c.c. of original rain), and thus obtain a full amount of ammonia 
for determination, even when the rain had been poor in nitrates. 

Some of the monthly samples of rain-water were analysed both by 
the Schloesing and by the copper-zinc method, with the results given 
in tlie next table. 

On comparing the results given by the two methods, it appears that 
in a number of cases the differences shown are very small; whilst in 
fewer instances, generally -where the 'rain-water is of a more concen¬ 
trated character, the copper-zinc method shows a considerably larger, 
amount of nitric acid. In 11 samples of rain, the mean amount of 
nitric nitrogen found by Schloesing’s method was 0*125, and by the 
copper-zinc' method 0*162 per million of water. The original ■ sus¬ 
picion was thus confirmed. The lower result obtained by the use of 

# This time is a good deal longer than, that, mentioned by Williams. It is perhaps 
unnecessarily long; but the condition of the solution' naturally determines a very 
slow, action. The disappearance'"of nitrites, as shown by metaphenylenediamine, is 
in tins case no safe indication of the completion of the reaction, as the amount of 
nitrous nitrogen will frequently be too small to give a reaction with this test. 

'■2 P 2' ' 
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Nitrogen as Nitrates and Nitrites per million of Rain-water. 


Rains analysed. 

Schloesing’s 

method. 

Copper-zinc 

method. 

Difference. 


0 *196 

0*270 

0 *074 


0*038 

0*048 

0*010 


0*111 

0 *172 

0*061 

Unroll . .. 

0*163 

0-247 

0-084 


0*366 

0*385 

0*019 

}*s£>pf,PTJl]lp!!' . . ... 

0 *081 

0*093 

0 *012 

CVtAhcr . .I 

0 *091 

0 *090 

0 *004 

November ..... i 

0*069 

0*093 

0 *024 

December.„ .. . . \ 

0 *001 

0 *066* 

0*002 

1SS8, February ... 

0*127 

0 *229* 

0*102 

, March.. 

0*068 

0 *095* 

0*027 


Mean 11 'analyses. 

0*125 

0*162 

0-037 


Nitrogen as Nitrates and Nitrites in 19 Monthly Rainfalls at 
Rothamstecl ( ScJiloeswig's Method). 



Rainfall. 

Nitrogen as nitrates and nitrites. 

Per million. 

Per acre. 


inches. 


lb. 

1886; September.. 

1*51 

0-196 

0*067 

„ October... 

3*94 

0 *089 

0-079 

„ November .. 

2*77 

0-064 

0 *040 

„ December... 

4*21 

0 * 03 S 

0 *036 

1887 } January. 

2*39 

0 Til 

0 *060 

„ March.. 

1 *76 

0-103 

0 *065 

-April. 

1*19 

0 *106 

0 *029 

„ Mav... 

2*35 

0*162 

0 *086 

„ June .... . 

0*71 

0 *284 

0*046 

„ July... 

0*79 

0 *204 

0 *036 

„ August -. 

1*04 ! 

0 *366 

0 *086 

n September .. ■.. 

3*11 j 

0 *081 

0 -057 

„ October ... 

1*69 

0 *094 

0*036 

„ November .... 

3*41 

0 *069 

0 * 0 t >4 

„ December ... 

1*66 

0 *064 

0 *024 

1888 s January . 

0*95 

0*198 

0 *043 

SJ February ... 

0*98 

0 *127 

0*028 

„ March................ .. 

3*13 

0 *068 

0 *048 

J5 April .. .. 

2*14 ■ 

0 *145 

0 *070 

Mean of 19 months........ 

2*09 

0 *111 

0-052 

Total 12 months, May, 1887 , to 
April, 1888 .. 

21 *96 

0 T 24 

0 *614 


* These results'were obtained with the less exact method first employed. 
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Scliloesmg’s method in die case of certain rain-waters was probably 
due, as. already suggested, to a reduction of nitrates during the pre¬ 
liminary concentration of the water, and was thus no fault of the 
metliod itself. 

When this error of deficiency was discovered, the nitrogen as 
nitrates and nitrites had already been determined during 10 months 
by Schloesing’s method. Since May, 1SSS, the copper-zinc method, 
with its accompanying determination of the ready-formed ammonia 
in the rain, has been exclusively made use of. The results of these 
analyses are given on page 540 and below. 


Nitrogen as Nitrates and Nitrites in 20 Monthly Ba inf alls at Botha m- 
sted {Copper-zinc Method). 



| 

Rainfall. 

Xifcrogcn as nitre 

Per million. 

ites and nitrites. 

Per acre. 


inches. 


lb. 

1886, September ... 

1*51 

o 

to 

© 

0 *092 

„ December .. 

4*21 

0*04S 

0*046 

1887, January.. 

2-39 

0 *172 

0 *093 

„ March. 

1*76 

0*247 

0 *098 

„ ■ August... 

1*04 

0*385 

0*091 

September.. 

8*11 

0*093 

0*085 

,, October. 

1-09 

0*090 

0 *034 

„ Xovember. 

8*41 

0*093 

0 *072 

18sS, Mar . 

1*28 

0*109 

0 *031 

,, June . 

4*87 

0*167 

0 *184 

„ July. 

3*86 

0*104 

0*091 

,, August .. i 

3*38 

0*090 

0*069 

„ September.. 

1*03 

•0*253 

0*059 

„ October .... 

1*09 

0*173 

0*043 

,, Xovember .. 

| 4 *46 

0*096 

0*097 

„ December ... 

1 *69 

0*155 

0 *059 

1889, January... 

1 *29 ■ ' 

0*190 

! 0 *055 

3 ,, February .. 

1*95 

0 *095 

0 *042 

„ March i.'. 

1*89 

0*136 

0*058 

» April..... 

1 1 2 *48 

0*230 

0 *129 

Mean' of 20 months.. 

2 *42 . 

0*138 

0 ‘075 

Total 12 months, May, 1888, 
to April, 1889 .. 

29-27 

0-139 

0-917 - 


A comparison of the average amount of nitric nitrogen found by 
the two methods again shows that higher results were obtained by 
bhe copper-zinc method. Thus the average contents of 19 monthly 
samples (mean rainfall 2*09 inches) is. GT11 of nitric nitrogen per 
million by the Schloesing method;. whilst the average of 20 monthly 
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samples (mean rainfall 2*42) is 0*138 per million by the copper-zinc 
inetliod. The excess by the latter method shown by these figures is 
also probably below the truth, as the waters analysed in the copper- 
zinc series represent heavier rainfalls, and consequently weaker 
waters, than those analysed in the preceding series by Schloesing’s 
method. 

The average amount of nitrogen as nitrates and nitrites found by 
the more exact (copper-zinc) method is 0*138 per million. This is 
almost exactly the figure representing the arithmetical mean of 
Frank] and’s 34 analyses of individual rainfalls, namely, 0*14 per 
million. It is slightly higher than that found by Way, namely, 
0T2 per million; the comparison with Way’s results is apparently a 
fair one, as the average monthly rainfall in the case of his samples 
was 2‘35 inches, and in the case of the present series, 2*42 inches. 

In the next table the amount of nitrogen as ammonia, as well as 
that found as nitrates and nitrites, is given for the 12 months during 
which the copper-zinc method has been employed. 


Nitrogen as Ammonia, and as Nitrates and Nitrites , in the Bainfall at 
Bothamsted during 12 months , 1888-89. 



Rainfall 
(inches). 

Per million of rain. 

Per acre (lbs.). 

Nitrogen 

as 

ammonia. 

Nitrogen as 
nitrates and 
nitrites. 

Nitrogen 

as 

ammonia. 

Nitrogen as 
nitrates and 
nitrites. 

1888, May. 

1*28 

0-256 

0 -109 

0 -074 

0*031 

„' Jmie ..... 

4 ‘87 

0*500 

0-167 

0 *551 

0*184 

» July. 

3 -86 

0 *38S 

0-104 

0 *338 

0*091 

„ August.... 

3*38 

0*288 

0-090 

0*220 

0*069 

„ September.. 

1*03 

1*025 

0*253 

0-238 

0 -059 

„ October. ... 

1*09 

0 *525 

0-173 

0-129 

0 *043 

„ November . 

4 *46 , 

0-313 

0 -096 

0*315 

0-097 

„ December., 

1*69 

0-500 

0*155 

0*191 

0 -059 

1889, January .., 

1 *29 

0-575 

0*190 

0*168 

0-055 

„ February .. 

1*95 

0-238 

0 *095 

0*105 

0 -042 

„ 1 March .... 

1*89 

0-400 

0*136 

0 *171 

0-058 

» April...... 

2*48 

0-575 

0 *230 

0-323 

0-129, 

, Whole year ... 

29 -27 

0*426 

0*139 

2*823 

0*917 


With a rainfall slightly above the average, the proportion of nitrogen 
as ammonia gives a mean of 0*426 per million or 2*823 lbs. per acre.* 
The nitrogen as nitrates and nitrites is at the same time 0*139 

■ * This amount of nitrogen as ammonia is somewhat above the average of five 
years, already published (Trans., 1887, 502), namely 2*41 lbs. per MreJ' . : 11 
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per million, or 0*917 lb. per acre. Tlie total nitrogen present as 
ammonia, and as nitric and nitrons acid, is tbns 3*74 lbs. per acre. 

The amount of nitrons acid in the Rothamsted rain-water is 
extremely small, and only to be appreciated by the delicate naphthyl- 
amine test. 

The quantities of nitric acid found by other investigators have 
been very various. The average result of the analyses made at seven 
agricultural stations in Germany and Italy in 1864—72 (J. Boy . Agric . 
She., 1881, 268), representing the rainfall of 13 years, is 0‘47 per 
million of nitrogen as nitric acid, and 1*26 per million of nitrogen as 
ammonia, the total being 10*18 lbs. of nitrogen per acre per annum. 
At the Observatory at Montsouris (Paris) the average of 10 years is 
0*70 of nitrogen as nitric acid, and 1*82 of nitrogen as ammonia per 
million of rain, the total being equal to 12*36 lbs. of nitrogen per acre 
per annum. 

Results recently obtained at Lincoln, New Zealand, and at Tokio, 
in Japan, agree more closely with the Rothamsted figures. At 
Lincoln, Professor G. Gray finds, on an average of three years, 0*15 of 
nitric nitrogen, and 0*096 of ammoniacal nitrogen per million of rain; 
the total equal to 1*6 lb. of nitrogen per acre per annum. At Tokio, 
Kellner finds in one year’s rain 0*085 per million of nitric nitrogen, 
or 1*02 lb. per acre. The nitrogen as ammonia in another year’s rain 
was 0*126 per million, or 1*78 lb. per acre. 

Mimtz and Aubin found only a minute trace of nitrates in rain and 
snow-water collected at the summit of the Pic du Midi (nearly 
3000 m. high) ; they suggest that nitrates are not produced in the 
atmosphere at elevations above those at which electrical discharges 
from clouds occur. 

Muntz and Marcano (Compt. rend 108, 1062) have analysed 121 
rainfalls from Garacas (Venezuela)*; the mean proportion of nitric 
nitrogen was 0*578 per million, the maximum' reached was 4*21 per 
million. Nineteen rainfalls from St. Denis (Reunion) gave a mean 
of 0*69 of nitric nitrogen per million. They conclude that the pro¬ 
duction of nitric acid in the atmosphere proceeds with much more 
energy in tropical countries. 

Notes on the Analysis of Bain-water. 

Rain-water is so seldom systematically analysed that our knowledge 
of its contents in various localities is very imperfect’; it may perhaps, 
therefore, be of some use to describe very briefly the,methods of analysis 
employed at Rothamsted. 

, If the average composition of rain-water is to be determined, it is 
most important that either the whole of The rain falling on a given 
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area sliould form the sample examined, or that a sample representing 
the whole rainfall should be prepared by mixing together a fixed 
fraction of each rainfall. The plan adopted in preparing the monthly 
samples at Rothamsted has already been described. Averages obtained 
by taking the mean of many analyses, without regarding the relative 
quantity of the rainfalls which they represent, are necessarily inexact. 

Ammonia .—When ammonia is determined by Nesslerising, the 
direction usually given is to place 400 c.c. or 500 c.c. of the water 
in the retort, and to distil two or more quantities of 50 c.c. ; the total 
ammonia present is then ascertained by adding together the amounts 
found in the several distillates. This method may be convenient 
when nothing is known as to the quantity of ammonia present, but it 
must generally be attended with a loss of accuracy. The liability to 
error in comparing the tints given by the ammoniaeal distillate, and by 
the standard solution of ammonia, is not inconsiderable, and is usually 
estimated as 5 h>er cent., though this may he reduced by practice. 
The possible piq^portion of this error is least at a certain depth of tint, 
about that given by 2 c.c. of the standard solution of ammonium 
chloride; with much weaker solutions, the possible error will assume 
considerably larger proportions. In following the method described 
above, we have the errors of at least two experiments included in the 
determination of the ammonia, and one or more of these errors may 
be proportionally great, from the extreme dilation of the later distil¬ 
lates. 

The plan adopted at Rothamsted is to make one determination of 
ammonia in the whole of the distillate obtained, the strength of which 
is regulated by varying the amount introduced into the retort, so 
that it shall be equal to, somewhere about 2 c.c. of the standard 
ammonia solution. A 150 c.c. cylinder is first filled with the rain¬ 
water, and 3 c.c. of INesshr’s reagent added; the depth of tint in¬ 
dicates what quantity of rail will be required for distillation. The 


retort and condenser having^aaen freed from ammonia by boiling 
distilled water and a little naajtaesia in the retort, the measured 
amount of rain-water is added to%e (cooled) contents of the retort, 
taking care that the final volume cl<!| not exceed 600 c.c. ; distillation 
is then continued till a 150 c.c. cylinder is filled. The determination 
of ammonia is made in this distill^ in the usual way. The five 
years' determinations of ammonia already referred to were made in^ 
this manner. When nitric acid is also,to be determined, the ready,, 
formed ammonia is obtained in. the manfbr descrihed above. 

Nitric Acid .—The general mode of determining nitric acid by means 
of the copper-zinc couple' has been already ; jthe preparation of 

the couple is the only: point, requiring further the 800 c.c. 

of boiled tain-water I employ six strips of long by 
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14 inches wide; the strips are bent at right angles along their centre 
to obtain stiffness. The couple is prepared in a series of fire beakers, 
containing* respectively a dilute solution of sodium hydrate, very 
dilute sulphuric acid, 3 per cent, solution of copper sulphate, ordinary 
distilled water, distilled water free from ammonia. Through these 
five beakers the zinc-foil is successively passed. It is rinsed both 
after the alkali and acid, hut after the copper has been deposited the 
strips are simply drained, and carefully placed in the distilled water, 
it being difficult to rinse without removing* the copper. The couple 
should be entirely submerged when placed in the rain-water. 

Chlorine .—The method of estimation employed is the one generally 
made use of in water analysis, namely, titration with solution of silver 
nitrate, using potassium dichromate as an indicator. The proportion 
of chlorine in rain is generally too small to be determined with 
accuracy in the unconcentrated water. Moreover, some rain-waters 
give at once an orange tint with the reagents employed, giving rise 
to the idea that chlorine is absent: this orange tint is not discharged 
by the addition of a chloride. The method adopted at Bothamsted is 
to add 5 e.c. of lime-water, free from chlorine, to 1 litre of rain-water, 
and to concentrate the water in an open basin in a quiet room to less 
than a quarter litre. When cold, the water is filtered through a 
washed filter into a quarter-litre flask, diluted to a quarter litre, and 
then used for the determination of chlorine. In water thus prepared 
a normal reaction is always obtained. 

Sulphuric Acid .—The rain used for the determination of sulphates 
is specially collected in a glass funnel, having a small piece of asbestos 
cloth in the pipe; no vulcanised caoutchouc is employed for connec¬ 
tions. 10—15 lbs. of the water are concentrated to a small bulk in a 
retort, and then filtered through Swedish paper previously washed 
with hydrochloric acid. S alphuric acid is then gravimetrically deter¬ 
mined in the filtrate with barium chloride. The concentration in a 
retort is essential, as gas flames are a constant source of sulphuric 
acid. 
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LI .—The Action cf the Chlorides of Propionyl and JButyryl on Phenol, 

By W. H. Peukix, Ph.D., F.B.S. 

As I have been making an examination of the magnetic relations of 
some of the plienylie ethers of the fatty acids, it has been necessary to 
prepare several of them in a pure state. The process employed has 
been the ordinary one of acting on phenol with an acid chloride. It 
was found, however, that usually the phenylic ether is not the sole 
product of the reaction, and as I have in two instances to some 
extent examined into this subject, it was thought that it might 
be useful if I gave a short account of my observations. They 
refer to the action of the chlorides of propionyl and butyryl on 
phenol. 


Action of Chlorides of Propionyl on Phenol . 


A quantity of crystallised phenol was treated with rather more 
chloride of propionyl than that required by theory for the formation 
of phenyl propionate. At first the temperature fell very considerably 
as the phenol dissolved, hydrochloric acid was then gradually evolved, 
but the mixture did not get warm. After standing for about 
20 hours, the product was distilled, the portion coming over between 
202° and 280° being kept separate. The rest did not come over 
entirely below 360°, the last parts crystallising on cooling. A little 
carbonaceous matter was left in the retort. 

The first portion boiling at 202—203° was repeatedly fractioned, 
and eventually a considerable quantity was obtained, boiling at 
211*5—212*5° (corr.) ; this was considered to be nearly pure phenyl 

propionate; its density was 1*04954. On standing, however, 

jLO 


during the cold weather the substance became a crystalline mass, and 
was further purified by draining off the oily products, and then keep¬ 
ing the crystals on a porons plate for some time. Thus purified, 
phenyl propionate boils at 211° (corr.), and has a density of— 


■ A? 7 KQ 

4 1-06427, dii 1-05418, 

<2go 1-04672. 

Phenyl propionate crystallises in beautiful, large, transparent prisms, 
20° ; when in the liquid state it may be cooled to 0°, 
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and Dept at that temperature for some time without crystallising. 
It has been pi’eviously prepared but not obtained in the solid state. 

The product boiling above 230° was again distilled; all that came 
over below 250° was injected, but the higher’ parts were sajronihed by 
boiling with alcoholic potash, a little water added, and the alcohol 
boiled off. On the addition of hydrochloric acid, an oil separated 
which solidified to a crystalline mass. This was purified by being 
spread out upon a porous plate, and left until all oily products had 
been absorbed: it was then dissolved in boiling alcohol, in which it 
was easily soluble, and on cooling w r as deposited in brilliant, highly 
refractive crystals consisting of short prisms which often appear as 
thick, six-sided tables. On analysis, this substance gave the following 
numbers:— 


0*2045 gram of substance gave 0*5390 gram of CO- and 0*1260 
gram of OH 2 . 

Theory for 

C 9 H 10 O 2 . Found. 


Carbon.. 72*00 71*99 

Hydrogen. 6*60 6*84 


This substance is therefore isomeric with phenyl propionate. It 
is easily soluble in alkalis, and there can be no doubt it is a propionyl- 
pkenol, OHsO-OA-OH. 

It fuses at 148*5°, or 128*5° higher than phenyl propionate. In 
boiling water it dissolves to a small extent, and crystallises out as 
the solution cools. Unlike phenol, it dissolves easily in ammonia,, 
this is probably owing to the chlorous influence of the GhH 5 0 group. 


Action of Chloride of Butyryl on Phenol, 

Chloride of butyryl behaves with phenol in a manner similar to 
chloride of propionyl, very little rise of temperature taking place. 
The product of the reaction was heated to its boiling point to drive 
off hydrochloric acid, and when cooled dissolved in twice its volume of 
ether, the resulting solution was then agitated with dilute potash to 
remove any phenol, separated, dried with calcium chloride, and dis¬ 
tilled. After the ether had come over, the temperature quickly rose 
to 227°, and a considerable quantity of oil came over between this and 
230°, the temperature then soon rose to 250°, leaving a residue in ike- 
retort. 

On 'fractioning the first part a few times, a considerable quantity of 
oil boiling at 227—228° (corr.)was obtained; this was phenyl butyrate * 
its density determination gave :— 
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<4 1-03644, 
4 


4S 1-02685, 
lo 


d ~i 1*01985. 
25° 


All attempts to make tlie substance crystallise by cooling failed. 
It has not previously been described. 

The residual product left in the retort, and boiling above 250°, was 
distilled under reduced pressure (250° mm.). It commenced to boil 
at about 197°, and the oil which came over between this and 225° 
proved to consist chiefly of phenyl butyrate, and was rejected, the 
rest came over between 225° and 285°, the thermometer stand¬ 
ing for some time at about 280°, which is supposed to represent 
the boiling point of the oil. This is a thick oil, and could not 
be solidified by means of a freezing mixture. It was saponified 
with alcoholic potash, and after the removal of the alcohol, dilute 
hydrochloric acid added, when an oil separated; the product was 
then boiled to volatilise butyric acid; on cooling the oily matter 
solidified to a brown crystalline mass, which was extremely soluble 
in alcohol, but not easily so in light petroleum; it was therefore 
first crystallised from this solvent, when it was obiained in brownish 
crystals, and then from carbon bisulphide in which it is moderately 
soluble when hot, but nearly insoluble when cold. A black product, 
however, came dovrn at the same time, but this was separated by 
recrystallising from petroleum of low boiling point (75—100°), of 
which a considerable quantity was required; it w T as then obtained in 
white, pearly plates, melting at 91°. 

This substance gave the following numbers on analysis :— 

0*1989 gram of substance gave 0*5216 gram of 00 2 and 0*1816 
gram of OH 2 . 


Theory for 


C i0 H ln (X Found. 

Carbon.. 73*17 73*36 

Hydrogen . 7*31 7*54 


This substance is therefore isomeric wdth phenyl butyrate, but as it 
behaves as a phenol no doubt it is butyrylphenol, C^HyO’CtjHrOH, 
It dissolves freely in alkalis and in ammonia, it is also soluble to a 
small extent in boiling water, from which it is deposited in slender 
needles on cooling. 

There can be but little doubt that the propionyl- and butyryl-phenols 
described above are para-derivatives. An experiment was made in 
reference to this point with propionylphenol; this was converted into 
Methyl-derivative by treating its potassium compound with methyl 
the product was then oxidised with chromic mixture'; 
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during the oxidation the odour of anisic aldehyde was very perceptible, 
but no anisic acid was obtained; it is quite likely, however, that the 
oxidation was carried too far as the amount of product at nay disposal 
was very small. 

The formation of these phenols is rather remarkable, as the tem¬ 
perature at which the acid chlorides acted on the phenol was low, 
unless it occurred afterwards, -when heating the product to Its boiling 
point. I have, however, made several experiments in this direction, 
such as boiling the phenylic ethers either alone or in presence of 
hydrochloric acid for a long time, or by heating the acid chloride in a 
sealed tube, but the results have been negative. 

There are two ways in which they may be formed. First, the acid 
radicle in the phenylic ether may pass over into the phenyl, or they 
may result from the action of the acid chlorides on the phenylic ether. 
This, however, is not settled, and owing to other work I have not 
given so much attention to the subject as I could wish. 

1 It is rather remarkable that in the formation of phenyl acetate no 
high boiling products are obtained. A mixture of phenyl acetate, 
acetic chloride, and a little chloride of zinc heated in a sealed tube 
yields a dark-brown tar, containing a colouring matter dissolving in 
alkalis with a red colour, probably phenacetem. Acetylphenol, how¬ 
ever, has been prepared by Klingel (Ber., 18, 2091), from amidoaceto - 
pltenone by the diazo-reaction. In the preparation of phenyl cenanthate, 
high boiling, secondary products were obtained, but not examined. 


LII .—Observations on the Melting Points of some Salicylic and Anisic 

Compounds . 

By W. H. Perkin, PhJX, F.R.S. 

In 1867 ( Chem . See. 20, 418), I brought before the Society an 
account of some new derivatives of salicyl aldehyde, and amongst 
other compounds described the methyl- and ethyl-derivatives of this 
substance. These were described as nearly colourless oils, which did 
not solidify when cooled by ice and salt. Since then methyl salicyl 
aldehyde has been re-examined by Voswinckel (Ber. y 15, 2024), who 
says that if every trace of salicyl aldehyde be removed from it, it is 
obtained in prisms melting at 35°. 

Wishing to measure the magnetic rotation of methyl salicyl alde¬ 
hyde, some quantity of it was prepared, the process used being 
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practically that described in my paper already referred to, which 
consists in heating the sodium compound of salicyl aldehyde with 
methyl iodide and alcohol; the temperature used was that of the 
water-bath, instead of 135—140° as originally given, the lower tem¬ 
perature being sufficient as shown by Yoswinckel. The product was 
diluted with water, the oil taken up with ether, washed with potash 
to remove any salicyl aldehyde, and the ethereal solution then dried 
with potassium, carbonate and distilled. After the ether had been 
driven over, the oil boiled at 243*4—245*4 (corn). This corresponds 
pretty closely to the uncorrected boiling point given in the previous 
paper if the correction for stem in the air be added, as it then becomes 
about 242*8°. 

On cooling this methyl salicyl aldehyde by ice and hydrochloric 
acid, it did not solidify until the sides of the vessel containing it were 
well rubbed with a glass rod, it then crystallised to a bard mass; on 
removing it from the freezing mixture, however, it soon became fluid 
again, and on examining the melting point by a thermometer immersed 
in the product it was found to he from 2*7° to 3°. A specimen of 
the product made in 1887 was next experimented with in the same 
manner, and it behaved in the same way. From these results I was 
inclined to think that the melting point given in Yoswinekel’s paper 
was a misprint, and should be 3*5 instead of 35°. Not being satisfied, 
the methyl salicyl aldehyde was steam-distilled, dissolved in ether, 
treated with potash, and the ethereal solution dried with potassium 
carbonate. A small quantity of this solution when evaporated 
deposited prismatic crystals of the aldehyde, and these had a much 
higher melting point; the ethereal solution was then distilled, and the 
methyl salicyl aldehyde came over as a colourless oil boiling at 
243—244° (corn) at the normal pressure, and at 199° (corn (constant), 
at 250° mm. On touching this oil with a crystal obtained by evaporat¬ 
ing the ethereal solution, it quickly solidified, and the crystals melted 
at 35—36°, and thus the observation of Yoswinckel was confirmed. On 
touching the product prepared in 1887 with a crystal of this substance, 
it also solidified and then melted at about 35°, and it was found that it 
was not the difference of purity which' caused this great variation in 
melting point, but that it was due to the substance being dimorphous 
and the two modifications having distinct fusing points, as the follow¬ 
ing observations made with the purified specimen showed. 

The crystallised product was melted so that not a trace of crystals 
was left, the resulting oil was then allowed to cool and afterwards 
further cooled with ice and salt. At first it remained fluid, but on 
rubbing the sides of the vessel containing it, it soon solidified to a 
beautiful, white, radiating crystalline mass ; this, when removed from 
the freezing mixture and placed in water of a temperature of 15° very 
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soon entirely melted and appeared as a clear oil, but on introducing a 
minute crystal of a specimen melting at 35°, it rapidly solidified with 
evolution of heat to a mass of prismatic crystals having the meltinar 
point of 85°. 

There are but few dimorphous substances in which the differences 
of the melting points of their stable and unstable modifications vary 
so greatly as in the case of methyl salieyl aldehyde. This will be 
seen from the following table :— 



Unstable. .Stable. DHL 

j 

Nitrotelrabroinobenzene.. 

60° ; 

98° 1 38° 

: Y.y. Richter, 8,1427. 

Chloroinaleie anhydride.. 

about 0 

34-a 3 ; 34-5°' 

: Perkin, Client. Soc. JL 53, 

Methyl salieyl aldehyde.. 

3 

35 *5 ; 32*5 

' i 705. 

Benzophenone.. 

28 

49 1 23" 

! Zincke, An.iaien. 159, 377. 

Metaciiloronitrohenzene.. 

23 

44 | 21 

! Laubenheiiner, Her., 9, 

; 708. 

Dibromopropionic acid... 

51 

65 ; 14 

; Linnemann and Penl, Ber.. 

1 8, 1099. 

Isoliydrobenzoin diacetate 

106 

11S 12 

1 ! 

1 Forst and Zincke. Jahre&l*. 
i 1874, 518. 

NitrometaeMoronitroben- 

38*5 ; 

! 39 3*5° 

1 Laubenheiiner, Bet\ s 9, 

zene. 


! ' ' '! 

j 780. 

TgM phenyl ketone ..... 

55 

| 59 ! 3 

1 Zincke, Jahresh 1S76, 2. 

1 5 


Ethyl salieyl aldehyde can be made to crystallise in the same way as 
the methyl-derivative, but as yet only one kind of crystals has been 
obtained, and these fuse at about 6—7°. 

Anisic Aldehyde .—This was prepared from the bisulphite compound, 
it boiled at 248° (corn), and at 199—199*5° at 210 mm.; when cooled 
with ice and salt, it solidified to a crystalline mass. A thermometer 
placed in the product when meltiug showed a constant temperature 
of —G’02 a , It is thus seen that anisic aldehyde, although a para- 
compound, melts at even a lower temperature than that of the 
unstable crystals of its orfhoisomeride, methyl salieyl aldehyde. 

Anisette of Ethyl .—This boiled at 269—270° (com), and when cooled 
in a freezing mixture solidified, the crystalline mass melting at 7°. 
Its isomeride, methyl salicylate of ethyl, boils at 26T5° (corn), and 
could not be made to crystallise by cooling, these two ethers there¬ 
fore behave like most para- and ortho-compounds, the para easily 
crystallising, the ortho being liquid or of lower melting point, ' 







552 


LUX .—On SehiUzenbergers Process for the Estimation of Dissolved 
Oxygen in Water. 

By Sir Henry E. Roscoe, E.R.S., D.C.L., LL.D., and Joseph Lent, 
B.Sc., Associate of the Owens College. 

The increased use of Schiiizenberger’s method as a means of deter- 
mining the amount of dissolved oxygen in water, has led ns to make 
a careful critical examination as to its reliability. 

The method has been examined recently by Dupre, # and by 
Ramsay and Williams ( Chem . Soc . </., Trans., 1886, 49, 751), whose 
papers may be referred to for a description of the process. 

Results not concordant with the same Water .— In the first place, 
15 careful experiments made with London tap water, with. improved 
apparatus, showed that with every care the oxygen values found for 
the same sample varied between 4*55 and 6*50, the mean being 5*57, 
or a difference of *35 per cent, on the mean value. 

The object of the present communication is to indicate the cause 
and the means adopted to eliminate the source of error attaching to 
these observations. 

High Results when the Titration is ‘performed quickly. —An indi¬ 
cation of the nature of the disturbing influence is obtained by varying 
the conditions under which the experiment is made. 

Thus, if instead of adding the hyposulphite solution drop by drop 
as in the above-mentioned experiments, it be 'added quickly and 
nearly the maximum quantity at once, mixing the liquids thoroughly, 
and finishing the titration drop by drop, a much higher result is 
obtained than when the addition is made slowly. 

The results of four series of estimations by the slow and quick 
methods alternately, gave the following hyposulphite values:— 


»■ Slow. 

Quick. 

Slow. 

Quick. 

5*30 e.c. 

7*05 c.c. 

5*50 c.c. 

7*45 c.c. 

4*60 

7*55 

5*65 

7*15 

' 5*25 

6*90 

5*35 

6*60 

5*75 

7*15 

5*65 

7*05 

5*80 

7*25 

5*80 

7*00 

'Means. * ' 5*34 e.c. 

7*18 c.c. 

5*59 c.c. 

7*05' c.c. 

' , ■ *,.rke Analyst, 1885,10, 

156, or Sutton’s F 

olumetrie Analysis. 

5th Edition, 
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TMs indicates a difference of 47 per cent, on the mean of the 20 
estimations. 

Low Eesult when, the Water has been exposed to Hydrogen. — The cause 
of these anomalous results was indicated by an experiment in which 
the water to be analysed, contained in a Winchester quart bottle, 
was allowed to stand in an atmosphere of hydrogen overnight, esti¬ 
mations being made before and after such exposure. The results 
obtained show, that whilst the volume of hyposulphite solution needed 
in the evening’ was 6*32 c.c., a mean of 10 experiments varying 
between 5*65 and 6*80, the amount required by the same volume of 
water after standing overnight in hydrogen was only 4T8 c.c., a 
mean of four experiments varying between 3*8 and 4*5. 

Diffusion the disturbing Influence. —The conclusion was, that when 
aerated water is introduced into an atmosphere of pure hydrogen, it 
immediately begins to lose oxygen by diffusion into the hydrogen 
untihan equilibrium is established, a fact hitherto overlooked ,by the 
experimenters with this process. 

Explanation of the previous Experiments. —This explains the 
previous observations, viz., that the highest results are obtained when 
the hyposulphite is added quickly and immediately after the intro¬ 
duction of the water into an atmosphere of hydrogen, because the 
oxygen is estimated and combined before it has had time to di if use to 
any great extent, the slight difference in the time of exposure 
between a quick and a slow titration being quite sufficient to give a 
marked loss of oxygen by diffusion during the slower addition of* 
hyposulphite. The variation in the results of the apparently identical 
experiments first given, being explained by the slightly longer or 
shorter time taken over each titration, and the consequent greater or 
less facility for diffusion. 

Besidts less in proportion to the amount of exposure to Hydrogen .— 
This conclusion, that diffusion is the disturbing influence,. is borne 
out by further experiments easily suggested by the preceding. 

Six,series of estimations were carried out on the same sample of 
water, and in each succeeding one a slightly longer time of exposure 
to hydrogen was given. The figures represent the volumes in c.c. of 
hyposulphite required for one measure of water. 


2 Q 


VOL. LY. 
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Mean of 3 
experiments. 


Series I. Titrated immediately and quickly, 6 c.c. 

of hyposulphite being added at once, 

the rest carefully drop by drop. 7*56 

„ II. Titrated immediately, but drop by drop 6*18 

III. Titrated drop by drop, after standing 30 

seconds in the hydrogen..... 3*72 

., IV. Titrated as before after standing in a 

moderate current of hydrogen 1 minute 2*55 

,, Y. As in IV, but 2 minutes’ exposure - 1*45 

9> VI. As in IV, but 5 minutes’ exposure .... 0*53 


It is thus obvious that the result-of an oxygen estimation by the 
present method, depends on the degree of exposure to hydrogen 
during titration. 

Conditions influencing the Amount of Diffusion .—The rapidity and 
amount of the 'diffusion of dissolved oxygen depend on (1) the surface 
area of water exposed to hydrogen, influenced by the size and shape of 
the vessel and the degree of agitation during titration. (2) The volume 
of the atmosphere of hydrogen. (3) The time of exposure, up to the 
point of equilibrium (under the Law of Partial Pressures). (4) The 
volume of water. 

Effect of Size and Shape of Vessel .—If this be the time explanation 
of the observed differences, it is clear, that if the water be exposed in 
a shallow layer to a large volume of hydrogen as in Sehiitzenberger*s 
and Dupre’s apparatus, diffusion will take place more quickly than 
if the water be titrated in a small vessel having a, limited surface 
exposure of the liquid, A series of estimations titrated quickly in a 
small bottle (200 c.c. capacity) gave 13*56, whilst with the same 
sample of water titrated quickly in a large flask, using the same 
hyposulphite, the result was only 9*95, both numbers being the mean 
of live estimations. 

But even in the small bottle a considerable amount of diffusion had 
taken place, for, by modifying the method of procedure* so as to 
prevent diffusion, the same water gave 16*6 as compared with 13*56 
and 9*95, 

The following numbers give the results of this series of observa¬ 
tions ' extended by varying the time 1 of exposure in the large 
'vessel. 


* See description, of Sfew Method,' page 562. 
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Series 

I. 

II. 

j III. 1 

! : 

IV. 

1 T * 

I VI. 

Small 

vessel. 

| 

Large vessel. 



Quick! v. 

* 

Quickly. : 

1 min. 

| 3 mins 



IS -50 

10*20 | 

4*20 

i 3*10 


16*7 

13 '70 

9 90 | 

3*95 

1 2*90 

2 *7 

— 

i 13 -60 

j 9*90 

4*45 

; s *oo 


16-5 

j 13-50 

9*90 ! 

4*20 

j 3*10 

2*7 

— 

! 13 -50 

9 *85 j 

4*40 

1 3*00 

— 

16*6 

| 13-56 

: 9 *95 ! 

; l 

4*24 

3 *02 

2*7 

In each case, 50 c.c. 

of water and 

10 c.c. 

of indigo-' 

carmine were 


used. 


Series I. Maximum result when diffusion is eliminated. 

„ II. Titrated quickly in small bottle. 

III. Titrated quickly in large flask. 

IY. Titrated after gentle agitation in large flask for 
1 minute. 

„ Y. Titrated after gentle agitation in large flask for 
3 minutes. 

VI. Minimum readings* when the diffused oxygen is 
driven out by a current of hydrogen. 


These estimations -were repeated the next day with a new and 
slightly stronger hyposulphite solution, with the following results:— 


r - 

II. 

III. 

IV. 

V. 

VI. 

Small' vessel. 

. 

Large vessel. 

1 


Quickly. 

Quickly. 

1 min. 

5 inins. 


13*0 

10*5 

7*4 

3*5 

2*0 

1*9' 

13*0 

11*0 

7 *1 

3*9 

2*0 y 

1*9 

Means. 13 *0 

10*75 

7-25 

3*7 

2*0 

1-9 


# The 2 *7 e.c. merely represents the combined oxygen in the blue indigo-carmine. 

2 <j 2 
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Percentage of Oxygen diffused under various conditions .—It is bow 
easy to calculate the percentage of oxygen thus lost "by diffusion. In 
the first place, it is necessary to subtract from the readings the 
volume of hyposulphite required for the decolorisation of the indigo- 
carmine used. 

The following numbers show that the percentages of oxygen lost 
agree very closely in the two series :— 

First Series . Diffusible Oxygen 16'6 — 2*7 = 13*9. 

I. II. III. IV. V. 

Oxygen diffused = 0 3*04 6*65 12*36 13*58 c.c. Hyposulphite. 

Percentage. 0 22 48 89 97 p.e. of 1 total oxygen. 


Second Series . Diffusible Oxygen 13*0 — 1*9 = 11*1. 

I. II. III. TV. V. 

Oxygen diffused = 0 2*25 5*75 9*3 11*0 c.c. Hyposulphite. 

Percentage.. 0 20 52 84 99 p.c. of total oxygen. 


Thus we see, that under favourable circumstances, that is, using 
a small vessel and titrating quickly with least agitation, 20 per cent, 
of the oxygen diffuses, whilst in a large vessel such as is recom¬ 
mended to be used, 50 per cent, of the oxygen is lost during the titra¬ 
tion. The delay of only one minute causing the loss of 90 per cent., 
whilst in three minutes practically all the oxygen has left the liquid. 

Theoretical Confirmation of amount diffusible .—This result, viz., that 
it,is possible to lose practically all the oxygen hy diffusion is con¬ 
firmed by the following theoretical consideration. 

Supposing the 50 c.c. of water aud 10 c.c. of indigo-carmine solu¬ 
tion to he fully aerated, and that on introduction into the atmosphere 
of hydrogen, say 1 litre in volume, all the oxygen diffuses into the 
gas. ' Then under the law of Dalton and Henry, the amount of oxygen 
which could he redissolved by the 60 c.c. of water is calculated as 
follows:— 

1000 c.c. of fully aerated water contains (say) 7 c.c. of oxygen, that 
is, after contact with an atmosphere containing 20 per cent, of oxygen ; 
60 c.c. therefore will contain 0*42 c.c. of oxygen. 0*42 c.c. oxygen in 
1000; c.c, of hydrogen = 0*042 per cent, of oxygen in the hydrogen. 
60 c.c. of water dissolve 0*42 c.c. oxygen in a 20 per cent, atmosphere. 
What volume will be dissolved in a 0*042 per cent, atmosphere ? 
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And this is the quantity which would remain dissolved in 60 e.e. of 
fully aerated water, after expos are in 1 litre of hydrogen until perfect 
absorptiometric equilibrium was established by diffusion. In other 
words, the possible loss by diffusion under the above conditions is 
99*8 per cent. 

Even using a quarter of a litre of water, a loss of 99 per cent, is 
still possible, in the usual apparatus. 

Reason for the return of the blue colour .—We are now in a position 
to understand an observation which the previous experimenters have 
not failed to note, but which until now has not received a correct 
explanation. The observation referred to is, that in carrying out the 
oxygen estimation in the usual manner, the blue colour after having 
once been destroyed by the hyposulphite almost immediately returns, 
and if this subsequent coloration be destroyed, the colour will again 
return, and so on for a long time. The blue colour returns even when 
the hydrogen used is perfectly freed from all traces of oxygen by 
passing through the two long tubes filled with beads moistened with 
the alkaline solution of potassium pyrogallate used in all our experi¬ 
ments. 

This observation is at once an indication and a proof of the correct¬ 
ness of our explanation. The previous experiments would lead us to 
anticipate that the blue colour icould return, when we remember the 
great delicacy of the reagent for gaseous oxygen which we possess in 
the reduced yellow liquid, a mere trace of oxygen being sufficient to 
cause the change from yellow to blue. 

In the ordinary process, the water to be examined is introduced 
into a large Woullfs bottle containing a little reduced indigo-carmine, 
which is quite insufficient to combine with all the dissolved oxygen 
in the water added. We may divide this dissolved oxygen into three 
portions in an ordinary estimation': (1) a portion oxidises the reduced 
indigo, and produces the blue colour; (2) part remains dissolved, and 
combines with the 'hyposulphite during the titration; (3) the rest 
.diffuses into the hydrogen. When sufficient hyposulphite has been 
added to produce the first yellow, the diffused oxygen begins to be 
reabsorbed by the yellow reduced liquid, with formation of the blue 
compound. 

That there is nothing in the reaction between the hyposulphite and 
indigo-carmine to cause the return of' the blue colour can easily be 
shown., 

No return of the blue colour ivhen free Oxygen is absent —If the 
liquid containing indigo-carmine and also the atmosphere above it are 
perfectly free from uncombined oxygen, and hyposulphite be added 
until the blue is turned yellow, no return of the blue colour takes 
place. The experiments showing this were performed in the apparatus 
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shown in Fig. 1, p. 561, with 50 c.c. of liquid containing various pro¬ 
portions of indigo-carmine. The water was coloured blue, submitted 
to a current of pure hydrogen for 10 minutes in each case, and then 
carefully titrated ; the following are the results:— 


Aerated* 

Indigo- 


Hyposulphite 

water. 

carmine. 

Total. 

required. 

e»e. 

c.c. 

c.c. 

e.e. 

0 

50 

50 

1T6 

25 

25 

50 

5*8 [i of 11*6] 

40 

10 

50 

2*85 [I of 11*6] 

45 

5 

50 

1*30 A of 11*6] 


(1.) The hyposulphite required was proportional to the amount of 
colouring matter, within experimental error.’ (2.) In no case was 
any blue colour developed, or, did any change take place in the 
appearance of the yellow, although the current of hydrogen was in 
each case continued for 15 minutes after the, yellow colour was 
produced.. In the new method (p. 562) of carrying out the estimation, 
in 'which diffusion is entirely prevented, the final yellow liquid has often 
been kept for an hour in a slow current of ■ hydrogen without the least 
change of colour towards blue. 

Proof of the Diffusion of dissolved Oxygen into Hydrogen .—A positive 
proof that when pure hydrogen comes in contact with aerated water 
it is contaminated with oxygen, has been obtained as follows ;— 

A large flask was filled with a fairly strong indigo-carmine solution 
which was decolorised carefully with hyposulphite. Matters were so 
■arranged that pure hydrogen, freed from all traces of oxygen as 
before stated, could be passed through aerated water, and thence into 
the large flask, driving out the sensitive yellow liquid through a tube 
passing to the bottom of the flask. In this way the hydrogen con¬ 
taminated with oxygen is imprisoned above a solution which will 
indicate the presence of oxygen by the formation of a blue colour. 
This blue colour was observed at the surface of the liquid, and after 
a few 7 minutes it became very intense and unmistakable. Hence the 
return of the blue colour is proved to be due to the supernatant gas 
and not to any reaction taking place within the liquid as w r as supposed 
by Sehiitzenberger and by Dupre. 

Influence of the amount of Indigo-carmine used .—These experiments 
explain a singular observation made by Sehiitzenberger, namely, that 
by' using a small amount of indigo-carmine only half* the dissolved 
oxygen is estimated, when the first decolonisation of the solution is 
effectedwhilst when a much larger quantity of indigo-carmine is 

■ # The dissolved oxygeii contained in this water was entirely lost by’'diffusion, 
beforelh© liquid was titrated. . ' ■ , ■ 
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employed, the whole of the dissolved oxygen is found. The explana¬ 
tion given by him being, that the reaction between reduced indigo 
and dissolved oxygen is a different one from that taking place between 
hyposulphite and dissolved oxygen, inasmuch as in the latter reac¬ 
tion, half the oxygen becomes latent as hydroxyl, with subsequent 
slow liberation of oxygen, whilst in the former no hydroxyl is formed. 

His observation, however, will bear another interpretation, namely, 
if more reduced indigo be present than is sufficient to combine with 
all the dissolved oxygen contained in the added water, this oxygen is 
immediately combined by the reduced indigo and its diffusion 
prevented. Hence all the oxygen is obtained. The use of so large 
a quantity of indigo, however, so disturbs the end-reaction, from the 
presence of so much of the yellow compound, that “ it is difficult to 
fix the point at which the last trace of bine has been discharged w T ilk 
any degree of accuracy. 

Schutzenberger b Ratio 1 : 1.—We will now consider a question on 
which different experimenters make conflicting statements, namely, 
the ratio between the first volume of hyposulphite required to give 
the decolonisation, and the second volume required to give a perma¬ 
nent yellow colour, after all the subsequent returns of colour have 
been destroyed. Schtitzenbergerf came to the conclusion that for the 
first decolorisation, “as nearly as possible 13 half the total volume of 
hyposulphite is required, and this was afterwards confirmed by 
Dupre. 

Ramsay and Williams' Ratio 3 : 2.—Baxnsay and Williams (Trans.. 
1886, 49, 751), however, did not obtain- this ratio, but gave 
another, namely, 3 : 2. But they found a difficulty hi obtaining this 
ratio in all their experiments, and only gave it as a mean expression 
of the varying ratios they found. Indeed they add, in speaking of 
this partition of oxygen into two stages of the process; ki but it is 
difficult to devise an eqnation which will, in a rational manner, 
account for this partition of oxygen.” 

Schtttzenbergerh ratio 1:1 is exactly what we findj when work¬ 
ing according to the conditions of his experiments, namely, using a 
large, vessel and a small ■ amount of indigo. Bamsay and Williams’ 
ratio (3 ; 2) can easily be explained by the use in their experiments 
of a smaller titration vessel. 

Infinite range of ratios possible , —It is evident, from the following 
considerations that this ratio is susceptible of an infinite range of 
variation.' 

# Buprii, loe. cit. 

f Fermentation , by P. Sebiitzenberger. - - 

- J See III, percentages of oxygen diffused under various conditions, p. 556. 
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If we ask, in the light of the preceding experiments, on what 
does this ratio depend ? we see that the first reading depends on 
(1) the amount of indigo-carmine solution, (2) the amount of dis¬ 
solved oxygen. If we always subtract the volume of hyposulphite 
required for the oxygen in the indigo-carmine, the rest, “ a?,’ 5 repre¬ 
sents the dissolved oxygen. The second reading, “y,” represents 
the diffused oxygen (assuming that none is contained in the hydrogen 
used, that atmospheric air is perfectly excluded, and that none of 
the diffused oxygen is carried away by a current of hydrogen). 

The sum of x and y should, theoretically, give a constant result 
“c," namely, the total oxygen originally dissolved. 

The ratio under consideration is xjy and x -f y = c. 

We have shown that x may vary enormously, and varies con¬ 
siderably in experiments of which the duration varies but little. 
Evidently, since x may fluctuate and ir 4 = c, xjy cannot be con¬ 

stant or definite. It is, in fact, capable of an infinite range of 
variation. 

Thus—where perfect diffusion had taken place—the ratio would be 
infinitely small, and where no diffusion had occurred the ratio would 
be infinitely large. 

In other words, in the first case, the first reading would merely 
represent the indigo-carmine, and the second all the oxygen. In the 
second case, the first reading would represent both indigo-carmine 
and oxygen—no second addition of hyposulphite being required. 

Hence the ratio may vary in this manner— 1 

Perfect First reading _0 2 4 5 6 8 10 w • 

diffusion Second reading 10 8 6 5 4 2 0 

Having proved this source of error in the old method of carrying 

out the process, the next step is to devise a new one in which the 
error is eliminated. 

The new method must satisfy the following conditions 

(I,) The aerated water must not at any time expose its iimomlmmi 
oxygen to an atmosphere of hydrogen, 

(2.) Precautions must be taken to ensure the use of au atmosphere 
perfectly free from oxygen, and the apparatus used must not permit 
any ingress of air. 

(3.) When the vessel in which the analysis is made is first filled 
with water to expel air or to obtain the sensitive yellow liquid, the 
first portion of gas, having been in contact with aerated water, is 
contaminated with oxygen and must be entirely driven out, 

^ 1 . * Minus the hyposulphite required for the indigo-carmine, , 

; Vt 0olittzenherg^r ; ancl Dupre, 1:1. 'J ; Ramsay' and. Williams, 3,: ■■ 2;'' 
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Apparatus adopted. —Eig. 1 shows the apparatus adopted "by us for 
carrying out the estimation. 


Eig, 1. 



It consists essentially (1) of an apparatus for the continuous gene¬ 
ration and purification of hydrogen, by the action of dilute sulphuric 
acid on zinc; (2) a 200 c,c. wide-mouthed bottle fitted with three 
burettes with glass taps, inlet and outlet tubes for a current of 
hydrogen, and an outlet tube for tbe titrated liquid; (3) Winchester 
stock-bottles of hyposulphite, indigo . (not shown), and water, com¬ 
municating with their, respective burettes 'by glass syphons, 
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The hydrogen generated in A passes through two wash-bottles 
containing caustic potash, thence through two Emmerlings tubes 
filled with glass beads moistened with an alkaline solution of potas¬ 
sium pyrogallate, an arrangement being made whereby the beads may 
be re-moistened with fresh pyrogallate from the bottles beneath, the 
liquid being forced up by hydrogen pressure. 

Pure hydrogen is supplied continuously (1) to the stock-bottle of 
hyposulphite, (2) to the hyposulphite burette, and (3) to the 
titration bottle. 

The New Method. —A sample of water is examined as follows 

(1.) 20 c.c. of the water is introduced into the small bottle and 
about 3 c.c, of indigo solution added. 

(2.) A moderate current of hydrogen is passed through the blue 
liquid by a very fine jet for three minutes to free both water and 
supernatant gas from free oxygen. 

(3.) Hyposulphite is now carefully added, during the flow of 
hydrogen, until the change from blue to yellow occurs, taking care 
not to overstep this point. 

(4) A further* measured quantity of hyposulphite is now added 
(say 10 c.c.) sufficient to combine with all the dissolved oxygen in the 
volume of water, 50—100 c.c., proposed to be used in the estimation. 

(5.) The important point now is, that the water is run in from a 
burette by a capillary tube passing beneath the surface of the liquid to 
the bottom of the vessel. Thus we introduce the water into a liquid 
which will at once combine the free oxygen and thus prevent its diffu¬ 
sion on coming in contact with the hydrogen, the reduced indigo 
acting as an indicator for the complete oxidation of the hyposulphite. 
The liquid is kept in constant motion during the addition of the 
water, which is shut off the moment a permanent blue colour appears. 

(6.) The blue is decolorised by a further slight addition of hypo¬ 
sulphite. The volume of water used and the total hyposulphite, 
minus the first addition, are noted and the estimation repeated for 
confirmation. 

When the water contains very little oxygen the second addition of 
hyposulphite may be omitted, the reduced indigo-carmine being 
sufficient to take up all the dissolved oxygen. In this case, care mast 
be taken that the oxygen added should require not more than half 
the hyposulphite first added to decolorise the indigo-carmine. 

Standardisation of the Hyposulphite .—In order to complete the 
estimation it is necessary to know the strength of the hyposulphite 
solution employed. This has entailed a very considerable amount of 
labour, inasmuch as of the two methods hitherto adopted for this 
purpose the first was .found to he fundamentally wrong,'and the 
second, to depend on erroneous data. 
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The first method involves the use of a standard solution of ammonio- 
euprlc sulphate, the second the use of distilled water saturated with 
air at a known temperature and px'essure, using Bunsen’s coefficients 
of absolution to obtain its oxygen value. 

Me-determination of the Oxygen-value of aerated distilled water .— 
The importance of the accuracy of the data employed for the calcula¬ 
tion of the oxygen value of distilled water saturated with air, induced 
us to make independent estimations by boiling out the gases in vacuo 
and subsequently measuring the volume of oxygen. 

For this purpose we devised and constructed the apparatus shown 
in Fig. 2. 

At the outset it will easily be understood that an essential in 
apparatus designed for the boiling out of dissolved gases in vacuo 
is, that there should be no possibility of atmospheric air gaining access 
to the vacuous interior. India-rubber joints freely exposed to air are 
inadmissible, because air is capable of diffusing through even thick 
india-rubber. To secure freedom from such leakage, the apparatus 
was constructed entirely of glass, with the exception of two tight 
india-rubber joints which were between glass surfaces and water 
luted. The glass taps, also, are all submerged in water. 

It was found necessary to place an air trap, as shown, beneath 
C and E to intercept air which was found to leak through the thick 
india-rubber tubing connecting the mercury reservoir R with the 
mercury-pump, even though the joints were securely wired. Fig. 8 
sufficiently explains how the air was intercepted in A. The apparatus 


Fro* a. 



is first completely exhausted’ of air as follows: About 200 cx\ of dis¬ 
tilled water is pumped through the side tube F, into the large bolt-head. 
The lamp beneath A is lit, and the apparatus exhausted by the air- 
pump, the water meanwhile boiling and aiding* in the expulsion of the 
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To complete the exhaustion the mercury-pump is used. 

The three-way tap beneath B is turned to communicate with the 
mercury reservoir R, mercury rises in B, and, by a suitable turn of' 
the three-way tap, is allowed to flow into the {J -tubes, the tap is closed, 
and thus all communication with the air is shut oh. 

The boiling is continued, the vapour carrying all the remaining 
air into D and E, whence it is forced out through the capillary 
barometer tube and trough T by raising R, and suitably opening the 
taps beneath G and E, On lowering R a vacuum is produced iu E 
and I), and the last traces o£ air collected and driven out as before. 

When a few minutes’ boiling, producing a rush of vapour from 
C to D, gives no gas on condensing the contents of D and E into 
the capillary barometer • tube, the exhaustion is perfect, and the 
apparatus ready for the introduction of the water to be examined. 

The Winchester quart bottle filled with water is placed so that E 
passes to the bottom, the tap is opened, and the water rushes in 
with, an immediate escape of part of the gases previously held in 
solution. When about 2 litres of water Lave run in, the tap is closed 
and the heating continued; the gas meanwhile being given off with 
brisk effervescence, finds its way into the cold chamber E, whence it 
is driven over and collected in G, a gas tube filled with mercury. 

After several exhaustions of E, the water in A boils at a low 
temperature, and the vapours soon drive all the remaining gas forward 
into the cool chamber D, where the water condenses and the gas 
passes forward into E and is driven over as before. 

A little practice is necessary to obtain the gas free from water, but 
this can he accomplished with a little cai*e. 

With impure waters, the last portions of gas consist of almost pure 
carbonic acid, the last traces of which are only expelled on prolonged 
boiling in vacuo, Hence, with distilled water, the exhaustion is 
perfected much more easily than with waters containing a consider¬ 
able amount of carbonic acid. 

When the gases are completely extracted, it is only necessary to fill 
up the Winchester quart bottle and measure the volume of water 
taken for analysis—generally from 1500—2000 c.c.—and to proceed 
with the analysis of the gases. 

The gas tube is removed from the mercury trough T, by intro¬ 
ducing a large crucible beneath it. It is transferred to the apparatus 
shown in Eig, 4, which is a modification of Fmnkland’s gas apparatus, 
the important point being that the two measurements which require 
great accuracy are made in the narrow part of the tube G, thus 
diminishing the experimental error of each reading, namely, (1) 
nitrogen at the upper part, the wider part at the top being made of 
sufficient capacity to hold nearly all the nitrogen, (2) nitrogen and 
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Fig. 4. 



oxygen at the lower pari The carbonic acid measurement is 
made on the lower and wider part of the gas tube. 

The tube Or joins the collecting tube by a “ sealed ” tap # ' and a 
ground conical joint fitting* into a cup and luted by mercury. 

The carbonic acid was absorbed by a 20 per cent, solution of 
caustic potash, the gas being allowed to stand in the absorption- 
tube, with its sides wet with the reagent, for half an hour. The 
oxygen was absorbed by introducing pyrogallic acid to the strong 

, # Oefcti’s patent, avoiding all chance of leakage. . ■■■ 
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potasli solution—the absorption being allowed three-quarters of an 
hour. 

The piece A slides along the side of the table, and hj its means 
the gas can be adjusted to the centimetre marks on Gr with the greatest 
nicety. 

The pressure, above or below that of the atmosphere—taken at 
each observation—is read oft on the tube P marked in millimetres. 
The thermometer is also read each time a gas measurement is made, 
and the apparatus allowed to gain the temperature of the gas-room by 
standing untouched for a quarter of an hour before each observation. 
The readings are made by a telescope at the near end of the table, 
where the gas is also adjusted by moving A backwards or forwards. 

Method of Aeration. —Before giving the results of the estimations 
made with distilled water saturated with air, it is necessary to 
describe the method of aeration. 

Freshly distilled w r ater adjusted to the required temperature was 
aerated by vigorous agitation in two Winchester quart bottles half 
full of water, the air being renewed five or six times by emptying 
the contents of one bottle into the other and again dividing into two 
portions, which were repeatedly agitated with fresh air. 

When aerated, one bottle was filled and allowed to stand, stoppered, 
for half an hour, to an hour to get rid of minute air-bubbles. Then 
the gases were extracted and analysed, as before described, the 
barometer having been read to obtain the pressure at which the water 
was aerated. 

The results are calculated from the following formula:— 

2,3 x [P A cl Hh c — f]mm x 273000 _ 

[pa - <„]mm x T x V ® 1 ’ =’ 3 ’ 

where v = volume of gas measured. 

p = atmospheric pressure when measured. 

d = difference in level of mercury in the two limbs. 

o = correction to be applied to adjust the graduation. 

f = tension of aqueous vapour at T. 

fa = atmospheric pressure when the water is aerated. 

t a = tension of aqueous vapour at temperature of aeration. 

T = absolute temperature when gas was measured. 

V = volume of water used. 

The results are thus found in cubic centimetres of gas, measured at 
0° C. and 760 mm. bar. dissolved by 1000 c.c. of water aerated at t° 0. 
with a dry pressure of 760 mm. 

The barometer readings need not be reduced to zero, as this 
correction would act in two ways counteracting each other. 
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Tlie above formula is not applicable to a sample of water taken 
for analysis, in which the actual volume of gas present is required to 
be found. In this case, 760 must be substituted for [pa — to] mm. 
It was thought best to fix, with as great accuracy as possible, the 
values at 10°. 15°, 20°, and 25°, by means of several determinations 
at each temperature, and from these values to calculate the remain¬ 
ing ones. 

The following are the numbers obtained. They indicate close agree¬ 
ment between the several experiments at each temperature, and also 
throughout in the ratio between the oxygen and total oxygen plus 
nitrogen, a ratio always between 38 and 34 per cent., and evidently 
not a function of the temperature, as some observers claim it to be. # 

They show a wide discrepancy from Bunsen’s numbers, but agree 
w r ell with Dittmar’s determinations^ 


Determinations of Dissolved Gases in fully Aerated Distilled Water . 
Temperature 10° C. Pressure 760 mm. (dry). 


■ 

Nitrogen. 

DifE. from 
mean. 

Oxygen. 

Diff. from 
mean. 

Total 

gas. 

Percentage 
of oxygen. 

(1). 

15*45 

— 0*02 

7-84 

-0*03 

23*29 

33*69 

(2) . 

15*53 

+ 0*05 

7*85 

- 0 02 

23 *38 

33*58 

on 

15 *56 

+ 0*09 

7*85 

— 0*02 

23 41 

33 *54 

.* 

(4).. 

15*43 

-0*04 

7-93 

+ 0 *05 

23 35 

33 *94 

( 5 ) . 

15*38 

— 0*09 

7-90 

+ 0 -03 

23 *28 

33 *98 

Mean values .. 

15-47 


7*87 

— 

23 *34 

33-74 

Temperature 15° C. 

Pressure 

760 mm. (dry). 


a) . 

13*81 

-0-02 

7-11 

+ 0*02 

20-92 

33 -97 

02) . 

13 *86 

+ 0*03 

7-07 

-0*02 

20 *93 

33 -76 

Mean values.. 

13 *83' 

— 

7-0D 

— 

20 *92 

33-86 


Temperature 20° C. 

Pressure 

760 mm. (dry). 


a) . 

12 -74 

-0*02 

6*42 

-0*02 

19-10 

33*52 

(2) . 

12-73 

-0*03 

6*44 

— 

19 -17 

33*60 

(3) . 

12-75 

-0*01 

6 45 

+ 0*01 

19 *20 

33 *62 

(-1). 

12*81 

+ 0*05 

6 *45 

+ 0*01 

19-26 

33*46' 

Mean values.. 

12 *76 

— 

6*44 

— 

19 *20 

83*55 , 


* (Per., 1888, '2851). f « Challenger TRepqrts, vol. i, Ft. 1,/p.m 
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Temperature 25° 0. Pressure 760 mm. (dry). 



Nitrogen. 

Diff. from 
mean. 

Oxygen. 

Diff. from 
mean. 

Total 

gas. 

Percentage 
of oxygen. 

(1)... 

11 -si 

11-7G 

+ 0*03 

5-94 

+ 0*03 

17*75 

33 *46 

(2). 

— 0 *02 

5-88 

-0*03 

17*64 

| 33 *34 


Mean values.. 

11 -78 

l 

5*91 

__ 

17-69 

33*40 


Prom these results, the following table lias been constructed, 
giving the oxygen values for fully aerated distilled water for each 
half-degree between 5° G. and 30° C., and for an observed* pressure 
of 760 mm.;— 


Oxygen Dissolved by Distilled Water. 5—80° C. 


Temp. 

C. 

c.c. Oxygen 
N.T.P, 
per litre Aq. 

Diff. for 

0 *5° 0. 

Temp. 

C. 

c.c. Oxygen 
N.T.P. 
per litre Aq. 

5*0° 

8*68 

0*10 
0*09 
0*09 
0*09 
0*09 
0*09 
0*09 
0*09 
0*09 
0*09 
0*08 
0*08 
0*08 
0*08 
0*08 
0*08 
9*08 
0*08 1 
0*08 
0*08 
0*07 
0*07 
0*07 
0*07 
0*07 

18-0° 

6 *54 

5*5 

8*58 

18*5 

6 -47 

6*0 

8*49 

19-0 

6*40 

6*5 

8-40 

19 *5 

6*34 

7*0 

8*31 

20*0 

6*28 

7*5 

8*22 

20*5 

6*22 

8*0 

8*5 

8-13 

8-04 

21 *0 

21 *5 

6 *16 

6*10 

9*0 

7*95 

22*0 

6*04 

9*5 

7*86 

22*5 

5*99 

10*0 

7*77 

23*0 

5*94 

10*5 

7*68 ... 

23 *5 

5*89 

11*0 

11*5 

7*60 

7*52 

24*0 

24*5 

5*84 

5*80 

12*0 

7*44 

25 *0 

5*76 

12*5 

7*36 

25*5 

5*72 

13*0 

7*28 

26*0 

5*68 

13*5 

7*20 

26*5 

5*64 

14*0 

7*12 

27*0 

5*60 

14 *5 

7*04 

27*5 

5*57 

15*0 

6*96 

28*0 

5*54 

15 *5 

6*89 

28*5 

5*51 

16*0 

6*82 

29*0, 

5 *48 

16*5 

6*75 

29*5 

5*45 

17*0 

6 *08 

30*0 

5*43 

17*5 

6*61 




Diff. for 
0*5° O. 


0 *07 
0-07 
0*06 
0 '06 
0*06 
0*06 
0*06 
0*06 
0*05 
0*05 
0*05 
0*05 
0*04 
0*04 
0*04 
0*04 
0*04 
0*04 
0*03 
0*03 
0*03 
0*03 
0*03 
0*02 


# In this table the results are not calculated for aeration at a dry pressure of 
760 mm., hut for an observed barometric pressure of 760 mm.’ "When the observed 
pressure is below 760 mm. T V'h the value must be subtracted for every 10 mm. .cliff- 
The same value must be added when the pressure is above 760 mm. 

VOL. LY. ■ , '2 R 
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The following numbers show the valuation from Bunsen’s -figures 
(hitherto used for the standardisation of the hyposulphite), and the 
close agreement with Dittmar’s determinations :— 


Oxygen. 1 

Nitrogen. 


! Found. 

Ditfcmai*. 

Bunsen. 


Found. 

Dittmar. 

Bunsen. 

10° C. 

7-87 

8-00 

6*79 


15-47 

15*35 

12*70 

15 .... 

7-09 

7-20 

6*25 

15 .. 

13 *83 

13 *95 

11-67 

20 .... 

6-44 

6-53 

5-93 

20 

12 *76 

12 *79 

11 *08 

25 .... 

5 -94 

5-97 

— 

25 

11*81 

11 *82 

— 


From this comparison, we have no hesitation in adopting the values 
we have obtained, for the standardisation of the hyposulphite solution 
by aerated distilled water. This method has the advantage of being 
a titration carried out under almost the same conditions as the 
examination of a sample of water. 

Indigo Standardisation ,—When once the hyposulphite has been 
carefully standardised by distilled water, this rather troublesome 
aeration may be avoided by finding the oxygen-value of the indigo- 
carmine solution. This solution remaining constant may be used for 
the subsequent standardisation of the hyposnlphite. 

It is only necessary to take a suitable quantity of indigo solution, 
diluted with water if necessary, free it from all dissolved oxygen by 
a current of pure hydrogen continued for five minutes, then carefully 
decolorise with hyposulphite, the value of which has been carefully 
found by using aerated distilled water. The hyposulphite solution 
slowly loses strength even when kept in hydrogen, and should be 
standardised daily when required to be used. 

Copper Method of Standardisation .—We are now in a position to 
examine the method of standardisation by the use of ammoniaeal cupric 
sulphate. This consists in titrating a standard solution of cupric 
sulphate containing in 1 litre, 4*462 grams of the hydrated salt preci¬ 
pitated and re-dissolved in ammonia, adding the hyposulphite in an 
atmosphere of hydrogen until the blue ammoniaeal liquid is rendered 
colourless. 10 c.c. of such a solution are equivalent to 1 c.c, of 
oxygen, jST.T.P. 

The method was tested by applying the oxygen-value thus found 
for the hyposulphite to the examination of fully aerated distilled 
water at 10°, 15°, and 20°. The results thus found for distilled water 
are so far removed from the actual values found by extracting the 
gases in vacuo, that we may, safely reject this method of .standard- 
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isation as inaccurate. The following are the details of this com¬ 
parison :— 

Titration of the Copper Solution. 

HO c.c. copper solution = 3940 or 19‘70^ 

39-55 19-77 { Mean 19-76 c.c. hypo- 

39-55 19-77 > sulphite = 1 c.c. 

39-65 19-82 I oxygen X.T.P. 

39-50 19-75J 


Examination of the Distilled Water. 




c.c.. 

Another 


Distilled 


Oxygen 

series 

True 

water. 

ITypo. 

found. Means. 

gave 

value. 

10° 0... 1000 c.c. = 

114*6 

5*791 




112*9 

-4- 19-76 = 5-71 y 5-71 

5*67 

7*77 


111*1 

5-62 J 



15° C... 1000 c.c. = 

100*4 

5-081 




99*5- 

-4- 19-76 = 5-03 > 5-02 

5*09 

6*97 


98*1 

4-96 J 



20° C... 1000 c.c. = 

92*6 

4-681 




89-8 

- 4 - 19-76 = 4-54 } 4-62 

4*65 

6*28 


92*2 

4-66 J 




The probable causes of the failure of the copper method of standardi¬ 
sation are not far to seek. 

In the first place,-the copper solution is alkaline, and this, as we 
shall show, exerts a disturbing influence. In the second place, the 
reaction occurring when free oxygen is estimated in water, is pro¬ 
bably not so simple as lias been supposed. The nascent sulphite 
formed no doubt taking up a portion of the free oxygen with 
formation of sulphate, whilst in the case of the combined oxygen in 
the cupric solution, this latter reaction does not take place. 

(1.) Na 3 SQ, + 0 = NaaSOs, 

Hyposulphite. Sulphite. 

(2.) Na*SO* + 0 = Na s S(\ 

Sulphite. Sulphate. 

Thus the oxygen taking part in reaction (2) is lost where the 
hyposulphite solution is standardised by a method in which this 
latter reaction is unrecognised. 

Comparison of the New Method with the Volume of Oas found .—-We 
next proceed to apply the volumetric process as thus modified to the 
examination of samples of water from different sources, and to eom- 

■ ' 2 b 2 
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pare the results with the absolute volume of gas obtained by boiling 
out the same water in vacuo. 

The following formula is applicable to the volumetric process 

± .— x c.c. oxygen per litre of water, where d and s = the 

s x lid 

volumes of distilled water and sample respectively used and lid and 
hs = hyposulphite required for distilled water, and sample respec¬ 
tively, and Od the volume of dissolved oxygen (1ST.T.P) contained in 
1 litre of the distilled water used. 

The following are the results of this comparison made on five 
different samples of London tap water collected on five different 
days. In each case a Winchester quart bottle was filled with the 
water as drawn from the tap. Three estimations were made by the 
improved method, and then about 1700 c.c. of the remaining water 
taken for the gasometric estimation. 


London Tap Waters. 



(i.) 

(2.) 

(3.) 

(4,) 

(5) 


e.c. 

C.C. 

C.C. 

C.C. 

c.c. 

Nitrogen. 

13*22 

13*95 

13*36 

13 *43 

13 *49 

Oxygen.. . .. 

5*15 

5*91 

5 *38 

6*31 

5*80 

Carbonic acid . 

7-98 

9*29 

G-70 

7*35 

8*11 

Total gas.,. 

26*35 

29*15 

25*44 

27-09 

27-40 

Oxygen by the new 
volumetric method . 

5-52 

i , 

6*13 

5 64 

6*41 

6*24 

Gas obtained.. 

5-15 

5‘91 

5-38 

6*31 

5*80 

Difference. 

0*37 

0-22 

0*26 

o 

o 

0 *44 


Mean difference 0 *28 c.c. oxygen per litre of water. 


The oxygen values obtained by the two methods show close agree¬ 
ment, considering the possible experimental error in so complex a 
comparison. The mean difference being only 0*28 c.c, of oxygen per 
litre of water, showing that the method gives good results with ordi¬ 
nary drinking waters. 

The next series of comparisons were made on Thames water 
collected fust below the bridge at Richmond. These, like the tap 
waters, show that the method is applicable to tolerably pure river 
water. 

The following are the details of the estimations:— 
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Thames at Richmond. 



(i-) 

! 

(2.) 

(3-) 

(4.) 

Nitrogen .. 

17*14 

16 *74 

13-75 

13 *11 

Oxygen.. 

8*37 

8 "00 

5*24 

6-06 

Carbonic acid . 

7*35 

7-18 

7-33 

7-95 

Total gas.. 

33 '86 

31 '92 

26 -37 

27*12 

Oxygen by the new method 

8*95 

8*98 

5-87 

6-1$ 

Gas obtained. 

8*37 

8-00 

5 

6-06 

Difference. 

0*58 

0-98 

0*63 

0*07 


Mean difference. O'56 c.c. of oxygen per litre of -water. 


A further comparison, was made with very impure Thames water 
collected at Crossness, opposite the southern outfall for London 
sewage, 12 miles below London Bridge. 

These in like manner indicate that the method gives good results 
even with an impure water of this character. 

The following are the details of the analyses :— 


Thames , opposite Southern Seioage Outfall. 



a.) 

(2.) 

(3.) 

(4) 

(5.) 

(6-) 

i 

Nitrogen... 

17*08 
2*51 
14 *00 

17*58 

0*59 

15*29 

17 *60 
0*13 
15*77 

17-46 

1-06 

14-51 

15*96 
4*36 
28 *18 

16-96 
4-68 
15 -13 

Oxvffen............... 

Carbonic acid... .. 


Total gas.. 

33 -59 

33*46 

33*50 

33 *03 

i 

46-50 

36-77 


Oxygen by the new 
method ............ 

3-01 

2-51 

0-99 

0-59 

0 *34 
0*13 i 

1*65 

1*06 

5*18 | 
4*36 1 

5*94 

4*68 

Gas obtained .......... 


Difference ............ 

0*50 

0*40 

0*21 

0*59 

0*82 

1*28 



Mean difference, 0 "63 e.e. of oxygen per litre of water. 


In sample (5) the low nitrogen is explained by the abnormally high 
carbonic acid. 

The process thus applied to waters of such varied character, and 
containing such widely different amounts of oxygen, with a mean 
















574 ROSCOE AND LUNT : SOHOTZENBERGEB’S PROCESS 


difference of only 0*5 c.c. from the value obtained by extracting and 
measuring the gases, shows that, although perfect accuracy cannot 
be guaranteed for the process thus improved, yet the results obtained 
are not far removed from the truth, and certainly give very valuable 
indications as to the oxymetric condition of samples of water sub¬ 
mitted to its operation. Perhaps no other volumetric process satis¬ 
fies so well the conditions of so difficult a problem as the estimation 
of dissolved oxygen in water. 

In investigations on the action of micro-organisms in the purifica¬ 
tion or putrefaction of impure waters, it is hoped the process will give 
valuable aid. 

Influence of Acidity and Alkalinity .—Although the method is 
applicable to pure and impure waters, and even to brackish waters, 
this is not the case if the water contains even small quantities either 
of free acid or alkali. Thus, if Tcnjo^ 1 P art sulphuric acid be 
added to pure water, not only is the oxygen value obtained a different 
one, but the whole reaction is disturbed. The volume of hypo¬ 
sulphite required for the first decolonisation is greater ; this only pro¬ 
ducing a light, straw-yellow, instead of the fine deep-yellow of a 
normal titration. The delicacy of the reaction is altogether destroyed, 
a much larger volume of water than usual only slowly producing a 
light-blue colour, instead of the distinct coloration produced by even 
half a cubic centimetre of pure water in a normal titration. Oxalic 
acid has a similar action. The same proportion of ammonia has an 
entirely opposite effect. The oxygen value is raised instead of 
lowered, and the delicacy of the reaction is not impaired, although the 
colour reaction is very much modified. The results compare as 
follows:— 


100,c.c. 


Pure water. 

28*51 


28*7 
28*9 
29*0 
28*1 j 


v Mean 

r 28-6 


TuVu part of sul¬ 
phuric acid. 

17*3 

17*3 


17*3 


TuW Of 
ammonia. 


35*5 

30*1 


85*8 


Sodium bicarbonate has no effect. 

Of course, when other substances than oxygen, which decompose 
hyposulphite, are present in the water, the accuracy of the method is 
proportionately disturbed. 

Delicacy of the Reaction .—With pure water, the change of colour is 
a very highly sensitive reaction and the most delicate test for the 
presence of free oxygen we possess, one part of oxygen in two 
, million parts of water being sufficient, to bring about a distinct change 
of; colour. ' 
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If a quantity of the reduced yellow liquid be sealed up in a vessel 
containing pure hydrogen, it retains its yellow colour and its power 
of turning blue when opened and exposed to air, even after many 
days. 

The blue compound obtained by exposing the titrated liquid to air 
is likewise permanent in pure hydrogen, but it is a curious fact that 
it slowly fades and turns to yellow on further exposure to air. This 
is no doubt due to the presence of sulphite, as a crystal of sodium 
sulphite dropped into a solution of the untitrated indigo-carmine 
causes the same slow fading of colour, and gives subsequently the 
same yellow liquid. 

This is in strict accordance with the observations made on the action 
of atmospheric oxygen in the fading of colour in dye-stuffs ( Chem. 
News , 39, 813). 

Diffusion of Oxygen through India-rubber ,—The delicacy of this 
reaction may be employed to show the, rapid diffusion of atmospheric 
air through india-rubber tubing. The experiment is made as 
follows:— 


Eig-. 5. 



100 c.c. of water and 3 c.c. of indigo-carmine are freed from oxygen 
and decolorised in the usual way. The liquid is then forced out by 
hydrogen pressure on opening A. 

When the liquid has flowed through B, C, D, E for a few seconds 
the pinchcock A is closed. 
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The liquid is seen to be yellow at F, B, and D, and is allowed to 
remain in tlie india-rubber tube 0 for five minutes. If now A be 
carefully opened so as to allow tbe former contents of 0 to be seen in 
the glass tube D, it will at once be observed that whilst the liquid in F, 
B, and D had remained unchanged, that in C had turned quite blue 
from the absorption of atmospheric oxygen diffused through the 
india-rubber. Even one minute’s exposure is sufficient to give an 
indication. 

This experiment has a practical bearing on the construction of the 
apparatus as figured in Dupre’s paper and in Sutton’s book, in which 
the hyposulphite solution is made to pass through several feet of 
india-rubber tubing before reaching the titration vessel, its strength, 
of course, diminishing with the time of remaining in contact with 
the india-rubber. 

In the form adopted by us, the hyposulphite is conveyed from the 
stock bottle to the titration vessel by a glass syphon, and only 
sufficient india-rubber used to accommodate a pincheock and to make 
one other connection necessary for the free motion of the titration 
vessel. 


LIY .—Zinc Dextrosate. 

By Alfred C, Chapman, Demonstrator of Chemical Technology, 
University College, London. 

Various compounds of dextrose, with the oxides of barium, strontium, 
calcium, lead, and copper have been described by Peligot, Brendecke, 
and other chemists, but no compound of dextrose with oxide of zinc 
appears to have been noticed. When an ammoniacal solution of zinc 
hydrate is added to a concentrated solution of dextrose in 90 per 
cent, alcohol, a white, curdy precipitate immediately falls. 

4 grams of thoroughly washed zinc hydrate -were dissolved in 
the smallest possible quantity of strong aqueous ammonia, and this 
was then added to a solution of 5 grams of dextrose in about 400 c.c. 
of 90 per cent, alcohol. After standing for 12 hours, the clear super¬ 
natant liquid was poured off, and the white precipitate transferred to 
a perforated porcelain plate placed in a funnel and connected with a 
filter-pump. 

After having been thoroughly washed with alcohol, and allowed to 
drain in a current of air, it was placed under the receiver of an air- 
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pump and dried to a constant weight in a vacuum over sulphuric 
acid. 

By this method I obtained rather more than 4 grams of the dry 
zinc dextrosate 


Remits of Analysis. 


I. 0*428 gram gave 0*290 gram CCh and 0*178 gram H 3 0, 
XL 0*362 „ 0*248 „ „ 0*149 

III. 0*500 0*204 gram ZnO. 

IY. 0*482 „ 0*1965 

Y. 0*500 „ 0*205 


Pound 

Calculated for f - A -^ 

C 6 H 12 0 65 2Zn0 + 3H 2 0. I. II. III. IV. V. 


C. 18*19 18*45 18*67 — — — 

H. 4*54 4*60 4*56 — — — 

Zn.. 32*83 — — 32*74 32*71 32*90 


This compound, when treated with water, is decomposed into 
dextrose and zinc oxide. The zinc in Analyses III and Y was 
determined by treating a weighed quantity with water, .heating for 
some time, filtering off the zinc oxide, and weighing. The dextrose 
in the filtrates was also estimated. 

The following are the results :— 

Pound. 


Dextrose.... 

Calculated for 
C 6 H r A,2ZnO + 3H 2 0. 
. 45-46 

(«•) 

45-5 

*~ A -* 

(*•) 

45*9 

Zinc oxide,. 

....... 40*91 

40-8 

41-0 

Water. 

. 13-63 

*13-7 

*13-1 


100-00 

100-0 

100-0 


Zinc dextrosate is. a white, amorphous substance. It is very 
hygroscopic and parts with its moisture with very great difficulty. It 
is insoluble in alcohol, ether, and chloroform, hut is easily soluble 
(probably after decomposition) in dilute acids. When heated, it 
decomposes, decomposition commencing at a temperature of about 
65° to 70°. In one experiment, a solution from which the zinc 
dextrosate had been separated as above described on standing for 
several weeks deposited small needle-shaped crystals, but the quantity 
was far too small for any investigation. 

# The water by difference. 










LV.— Oxidation Products of Acenaphthene. 


By T. Ewan, B.Sc., and 3. B. Cohen, PhD., Owens College. 


The following series of experiments was undertaken with the view of 
preparing the intermediate products of the oxidation of acenaphthene 
and napkthalic acid. According to the present view of the constitu¬ 
tion of acenaphthene (Ekstrand, Bar., 1885, 2881, Philip and Bam¬ 
berger, Per., 1887, 237), it should yield on oxidation a dialcohol and 
diketone of the following constitution :— 


n tt 

CioHo< ch 3 

Acenaphthene. 


n tt ^OH-OH 

Gi 0 H 6 < s 

CHX3H 

Acenaphthylene 

glycol. 


°“ a <6o 

Acenaphthylene- 

ketone. 


r tt ^COOH 

UioJQ.ft'C . 

DOOH 

Kaplithalic acid. 


The present paper contains a preliminary account of these experi¬ 
ments, which are still being earned on. 


Action of Lead Oxide , Lead Nitrate , and Water upon Dibromacenaph- 
thene Bromide , C 13 H 8 Br 2 ,Biv 

Dibromacenaphthene bromide was boiled with water and lead oxide 
for 2 to 3 days with reflux condenser, and the product distilled in a 
current of steam. A substance passed over which crystallised in bril¬ 
liant yellow needles. The same compound w>as obtained on heating 
the bromide with lead oxide and water at 150°, and also with a solu¬ 
tion of lead nitrate. The yield in all cases was so small that any 
further investigation as to the constitution of the compound has been 
postponed. The substance was recrysfcallised from alcohol, and melts 
at 126—129°. It gave the following results on analysis;— 


Calculated for 
Found. C 12 ll 4 0 2 Br 2 , 

0...,. 45'62 46*15 

H... 3*16 2*53 

Br.... .. 46*80 47*06 


Acenaphthylene Glycol Monoacetate. —A better result was obtained 
by converting acenaphthylene dibromide into the acetate and decom¬ 
posing the product with potash. 

2 grams of the dibromide are boiled with 2 grams of caustic 
potash and 7—S c.c. of glacial acetic acid. In a few minutes potas¬ 
sium bromide begins to separate, and the reaction,is soon complete.' 
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The product is neutralised with caustic soda, the buff-coloured pre¬ 
cipitate collected and washed with water. Tbe precipitate is dried, 
and crystallised from light petroleum, and recrystallised from acetic 
acid or alcohol. It forms long, slender, yellow needles, which melt at 
122—122*5° (uncorr.) ; it is easily soluble in alcohol, less soluble in 
methyl alcohol, very soluble in ether and glacial acetic acid. 40 grams 
of the bromide give 10 grams of product. The substance gave on 
analysis the following results :— 

Calculated for 

Found. C 14 H 12 0 3 . 


C. 73*65 73*67 

H. 5*7 5*27 


The compound is therefore acenaphthylene glycol monoacetate, 
c H .CH-OH 
ll,Ue< CH-0-C a H 3 0. 

Acenaphthylene Glycol Diacetate .—The monoacetyl compound was 
boiled with excess of acetic anhydride for half an hour, and the mass 
poured into water. When the excess of anhydride was decomposed, 
a brown solid residue remained, which was collected, washed with 
water, and crystallised from methyl alcohol. It melts at 130°, and 
gave on analysis the following results:— 


Calculated for 
UH-OCoEDO 

Found, CioH6< C H -0-C 2 H 3 0 ' 


C. 70-7,5 71-11 

EL. 5-54 5-20 


It is a yellow, crystalline substance. 

Acenaphthylene Glycol .—1*6 gram of the monacetyl compound and 
1 gram of caustic potash are dissolved in methyl alcohol and boiled 
for 2 to 3 hours ou the water-bath. On cooling, long needles 
separate, which may be recrystallised from methyl alcohol. They are 
colourless, melt at 204—205°, and are slightly soluble in cold methyl 
alcohol or hot water. The substance gave the following results on 
analysts;— 

Calculated for 
CHOH 

Found. 10 6< CH-OH‘ 


0....77*18 77*42 

H... 5*62 5*38 


On oxidation with an alkaline 4 per cent, permanganate solution in 
the cold, a white, crystalline acid is formed, melting at 266—267°, 
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which is doubtless naphthalic acid. ISTo intermediate oxidation pro¬ 
duct of the glycol could be obtained in this way. 

Acenaphthylene Glycol Monobenzoate .—1 gram acenaphthylene bro¬ 
mide was dissolved in ether, and 1*44 gram of silver benzoate added. 
The reaction goes on in the cold. The product was collected and the 
ether evaporated. The residue may be crystallised from methyl 
alcohol or toluene, and forms small, colourless plates melting at 
189—190°. A second portion dissolved in alcohol was treated with 
excess of moist silver benzoate, extracted with light petroleum, and 
recrystallised from glacial acetic acid. The product was the same. 

Found. 

*'■ * 

I. II. 

C. 78*73 78*71 

H ... 5*38 5*04 

Acenaphthene Ketone .—To obtain the methyl-derivative of acenaph¬ 
thylene glycol, we acted on the glycol with methyl iodide and sodium 
alcoholate, The result turned out very different from what we anti¬ 
cipated. 2 grams of the glycol were mixed with alcohol insufficient 
for complete solution, and 0*5 gram of sodium, dissolved in about 
5 c.c. of absolute alcohol, added. 3*1 grams of methyl iodide were 
introduced, and the mixture heated for two hours at 150—160°. 
Sodium iodide separated. The product was diluted with water, 
extracted with ether, the ethereal solution dehydrated over calcium 
chloride, and evaporated. The residue solidified, and was recrystal¬ 
lised from alcohol. The substance forms pale yellow needles melt¬ 
ing at 119—119*5°. It gave on analysis the following results 


Calculated for 
Found. C 12 H 8 0, 

C.. 85*71 85*78 

H. 4*78 5*21 


It is not acted on by dry, gaseous hydrochloric acid when passed 
through its solution in toluene, or when boiled with glacial acetic 
acid. It combines with phenylhydrazine acetate, hut the amount of 
product obtained was insufficient for analysis. The compound will 

riTT 

therefore he a ketone of the following constitution: i a . 7'e 

CO N._ 

explain the reaction hy supposing that the sodium alcoholate has a 
dehydrating action on the glycol, removing 1 mol. of water. 

To prepare the alkyl ethers of acenaphthylene glycol, we had 
recourse to the action of sodium ethylate on acenaphthylene dibro¬ 
mide. and the results, although they have not yielded the desired: 


Calculated for 
CH‘OH 

10 ^CJH-O-C-HsO' 
78-62 
4-83 
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compound, may be of some interest. 2 grams of acenaphthylene 
bromide, 0*35 gram sodium, and 10 c.c. of alcohol were allowed to 
stand in tlie cold for one hour and then heated just to boiling. On 
cooling, the whole solidified; after crystallisation from alcohol the 
product was obtained in long needles melting at 94—95°. It gave the 
following results on analysis:— 

Calculated for 

Pound. OxaHio- 


C. 92*90 93-56 

H. 6*76 6*45 


It formed a crystalline compound with picric acid, melting at 
161—162°. The substance is, therefore, acenaphthene. 

If the acenaphthylene bromide be dissolved in anhydrous benzene, 
and then heated with dry sodium alcoholate, a brown oil is formed, 
which readily combines with picric acid to form a yellow, crystalline 
compound, melting at 201—202°, and gives the following results on 
analysis:— 

Calculated for 

Pound. C 12 H 8 -C c H 2 (OH) (NOo) 3 . 


C. 56-94 56*70 

H. 3-16 2-87 


The compound is doubtless the picric acid derivative of ace¬ 
naphthylene. 

We cannot as yet attempt a satisfactory explanation of the course 
of these reactions, but we intend to investigate them further. 

Tetrabromacenwphthme .—To obtain the diketone we first prepared 
the tetrabromo-derivative of acenaphthene. 

2 grams of acenaphthylene bromide dissolved in carbon bisulphide 
and 1*75 gram of bromine, were allowed to stand overnight. Rosettes 
of crystals separated, which, when pure, melt at 161—162° with 
decomposition. It is insoluble in alcohol. The following results were 
obtained on analysis:— 

Calculated for 
Pound. Cj 3 H 6 Br 4 . 

Br ... 67*73 68*08 

Tribromacenaphtkene .—This compound was obtained in one experi¬ 
ment in the preparation of the tetrabromo-derivative; but the condi¬ 
tions were not specially noted at the time, and we have not been able, 
so far, to obtain it a second time. 

It is a yellow crystalline substance, soluble in ether, glacial acetic 
acid, and hot alcohol. It melts at 88—90°. 
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It gave the following results on analysis : — 

Calculated for 


jp ounce e 12 ri 7 ijr 3 . 

0. .. 86*45 36*83' 

H . 2*08 1*79 


Action of Chromium Oxychloride %tpon Aeenaphthene. 

To obtain the dialdehyde corresponding to naplitlialic acid, we 
adopted Etard’s method. 2 grams of aeenaphthene were dissolved in 
20 grams of anhydrous carbon bisulphide and 2 grams of Cr0 3 Cl>, 
dissolved in caxffion bisulphide, were slowly added to the cold solution 
of the aeenaphthene. A dark brown, amorphous precipitate was formed, 
which was filtered through glass-wool, washed with carbon bisul¬ 
phide, and dried in a vacuum over concentrated sulphuric acid. It 
was analysed with the following result:— 

Calculated for 

Found. C 12 H 10 (CrO 2 Cl 2 ) 2 . 

Cr...■ 22*10 22*41 

On bringing the compound into water, a green solution is obtained; 
but the insoluble brown amorphous product obstinately retains 
chromium, even after prolonged boiling, and in spite of repeated 
attempts, it was impossible to prepai*e a pure product. It dissolves 
also with difficulty in the usual solvents. 

To obtain the dialdehyde and diketones of naphthalic acid, we dis¬ 
tilled the barinm salt of the latter with the lime salt of the fatty 
acid, and obtained distillates which readily crystallised. The acid 
chlorides readily react on aeenaphthene in presence of aluminium 
chloride to form well crystallised ketones; but the ketone-group 
appears to go into the nucleus and not iuto the ethylene side-chain. 

ISTaphthalimide forms a crystalline chlorine-derivative when acted 
on by phosphorus pentachloride. The investigation of these com¬ 
pounds will form the subject of a subsequent communication. 
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LVI.— Isomeric Change in the Phenol Series. (Third Notice.) 

By Arthur B. Ling. 

In a former communication (Trans., 1887, 147), I have shown that 
when dihromorf/ionitrophenol is heated hi 100° with bromine and water, 
much bromanil is produced, together with mono- and di-bromojwa- 
nitrophenol. The isomeric change which takes place is therefore that 
of a ^ambromo?^7wnitro-derivative of phenol into an orthohvomopara- 
nitro-derivative, and this being so, it appeared to me not unlikely that 
orthochlorop ai vibrom orthonitrop henol, a compound which I have 
already described (Trans., 1887, 791), might also, when similarly 
heated with bromine and water, undergo isomeric change into ortho - 
clilororzJ/mbromoparanitrophenol; this seems to be the case, but 
although I have found that a considerable quantity of chlorotribromo- 
quinone^ and of o ?'t7mchlorodinitrophenol is at the same time formed, 
I have obtained no evidence of the production of a mono-halogen 
derivative of ^aranitrophenol. It having been rendered probable 
that when chlorine is passed through a hot glacial acetic acid solution 
of parabromor77ionitrophenol, the product consists in a great measure 
of pamnitrophenol-derivatives, I felt anxious to know whether the 
isomeric change which appears to occur is, in this case, brought about 
through the agency of chlorine, or of the bromine which is liberated 
by the latter. I have to this end, therefore, made several experiments. 
Firstly, by passing chlorine through a hot glacial acetic acid solution 
of or/7mnitrophenol; secondly, by heating an acetic acid solution 
of dichloiwr^pnifrophenol, saturated with chlorine at 100°* and 
thirdly, by heating d ichloxorth onitrophenol at 100° with chlorine- 
water. These experiments have, in no case, yielded derivatives of 
paranitrophenol, so that as regards the production of the latter, 
when chlorine is passed through a hot acetic acid solution of para- 
hromortf/mnitrophenol, it must be due to the liberated bromine. 

An interesting, and at first sight rather complicated case of isomeric 
change takes place, when of77iochlorqpambromophenol is nitrated by 
warming it in an acetic acid solution with a slight excess of nitric 
acid (sp. gr. I’42), namely, together with the normal products, ortho - 
ehloroparubromorfTmmtrophenol and o?*^ochloror^opa?*adinitrophenol, 
which are formed in. the largest quantity, a not inconsiderable amount 
of diort^ochlorobromoparanitrophenol is also produced. The produc- 

# I have already shown (Trans., 1887, 790) that when m r t/wehloroj?arabrom- 
orl/wnitrophenol is heated with bromine and water at 100°, the proportions used 
being C 6 H 3 ClBr (3S 0 £ ) * OH : 4Br 2 , it is entirely converted into ehlorobromoquinone. 
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iion of 0r£7wchlorortf7mj5cwvfcdmitrophenol, and tlie consequent elimina¬ 
tion of bromine renders this case, however, equivalent to the action 
of bromine on or^/mchloropambromor^/mnitrophenol, the latter being* 
without doubt the initial product of the reaction. 


OH 

Cl,/\ 


OH 


yields 


Cl, 


/ 

Br 


\/ 

Br 


OH 


/Nko, Ci/NnO. 


and 


OH 

ePNBr 


\/ 

NO. 


\/ 

NO. 


I have also to announce that the isomeric change of parctchlorortlio- 
bromortf/mnitrophenol into or^ochloropurabromor^/ionitrophenol, which 
was pointed out by me (Trans., 1887, 789), does not take place at 
all, and that a mistake must have arisen in working with impure 
materials in a manner* which I shall explain later, since on re¬ 
examining the two isomeric chloi*obromo-derivatives of orthonitro- 
phenol, I find that the description which I have given of these com¬ 
pounds needs practically no modification. I am chiefly indebted to 
Dr. H. E. Armstrong for arousing my suspicions on this point, since 
my results appeared to be incompatible with some recent investiga¬ 
tions made in his laboratory, but on looking into the question more 
closely, 1 came to the conclusion that this last-mentioned case of 
isomeric change is altogether at variance with my other observations; 
for example, I have shown (loc. cit 786) that the parachlorine-atom 
in dichlororf/mnitrophenol is quite stable when treated with bromine; 
and it has also been shown by Petersen (Ber., 6, 370), that on heating 
dichlororf/ionitrophenol with nitric acid, the orthochlorine-atom is 
replaced. Prom these facts it might be inferred, therefore, that of 
the compounds parachloror^7iobromor^/4onitroph.enol and or^ochloro- 
jparahvo mortho nitrophenol, the former modification is the more stable, 
but the isomeric change of the former into the latter requires the con¬ 
verse of this. 

I find, furthermore, that parachloroW/iobrotnor^ionifcropbenol, when 
warmed with nitric acid in acetic acid solution, yields parachlorodi- 
oHAonitrophenol, thus:— 


OH 



yields 


OH 

m/NNo. 


\/ 

Cl 



and that or^ochloroparabromerif/mnitrophenol, when similarly treated, 
yields or^ochloror^qpamdinitrophenol, thus :— 
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OH 

OH 

./\so 3 

Cl/\ 

1 I 

yields 

\/ 

\/ 

Er 

no 2 


OrthocliloroQ&ratiromorhhonitrophenol, 

This compound is best prepared by nitrating orthoclAoroparahvomo- 
phenol, the latter being prepared by the chlorination of parabromo- 
phenol with sulphury! chloride (S0 3 C1 2 ). The melting point of this 
nitro-compound appears to be somewhat lower than that previously 
given, namely, 114° instead of 117°. The potassium-derivative, 
C 6 H 2 ClBr(M0 2 )*0K, when not quite pure, or when deposited quickly 
from supersaturated solutions, crystallises in plates, but on purifica¬ 
tion may be obtained in beautiful, long, red needles, which are some¬ 
what fiat. The calcium salt forms small, red crystals with 7 mols. 
H 2 0, as previously stated. 

Action of Bromine on OvthocMoroio&YBbromoribonitrQp'henol. 

10 grams of ori7iochloropumbromo?*^onitrophenol was placed in a 
bottle, together with 40 c.e. of water and 6 grams of. bromine (1 mol.), 
the stopper wired down, and the bottle heated in a bath of boiling 
water for nine hours. On the following day the bottle was opened, 
the acid liquid decanted, and the product washed with water. It was 
then separated from cblorotribromoquinone by extracting with potas¬ 
sium carbonate solution. On purifying the crude brown-coloured 
salt by recrystallisation and treatment with animal charcoal, it was 
found that none of the red salt of the or^onitrophenol-derivative was 
present, but that the colour of the salt was yellow. Quite pure salts 
were not obtained, but the analytical numbers from them, and the 
melting points of the phenols, leave no doubt that the product con¬ 
sisted of the potassium-derivatives of orihoehiorodinitrophenol, and 
orthocliiomrth obromqp urcmitr op henol. 

No. I Salt. 

0T627 gram lost 0*0111 gram at 120°, and gave 0*0471 gram 

K 2 S0 4 . , 

Theory. 

C 6 H 2 C1(N0 2 ) 3 -0K,H 2 0. Found. 

H a O. 6*55 p. c. 6*82 p. c. 

K..... .. 14*20 „ 12*96 „ 

The phenol obtained from the foregoing melted at 105—107°; 
or^mchlorodinitrophenol melts at 110°, 

VOL. LY. 2 S' 





586 LING : ISOMERIC CHANGE IN THE PHENOL SERIES. 


No. II Salt. 

0'1982 gram lost 0’0114 gram at 125° and gave 0‘0547 gram 
K 2 SO.. 

Theory. 

C c H„ClBr(N0 3 ) -0K,H 2 0. Round. 


HoO. 5*83 p. c. 5*75 p. c. 

K.. 12*64 „ 12*36 „ 


The phenol from this salt did not show any very definite melting 
point; it softened at 110°, and melted at 120—130°, decomposing a 
few degrees above this; ori7mchloro?*i/mbromoparanitrophe:nol melts 
at 137° with decomposition. 

Action of Chlorine on Y&mbromorCkoniwtyphenol. 

A Boiling acetic acid solution of parahr omoriftonitrophenol was 
saturated with chlorine, and allowed to cool. The product was con¬ 
verted into potassium salt, which was orange-yellow, and was not 
further examined. 

Action of Chlorine on Orthonitrophenol. 

Chlorine was passed into a hot acetic acid solution of orthonitvo - 
phenol. On converting the product into potassium salt, it w r as found 
to consist solely of or^onitrophenol-derivative, the last portions of 
the mother-liquor being carefully evaporated and examined under the 
microscope. 


Action of Chlorine on Dichlorovihonitrophenoh 

These experiments have led to no positive result as regards isomeric 
change, but it may be well to give them in detail, in order that they 
may appear final. 

I. 10 grams of dichloiw^onitrophenol was dissolved in 100 c.o. of 
glacial acetic acid, and the boiling solution saturated with chlorine; 
after standing some time, the solution, from which brilliant scales of 
chloranil had deposited, was divided, half was poured into water, and 
the precipitated compound converted into potassium salt, whilst the 
other half was again saturated with chlorine, placed in a bottle with 
the stopper wired down, and heated in a water-bath at 100° for three 
hours : it was then filtered from chloranil, thrown into water, and 
converted into potassium salt. Nothing but unaltered compound was 
obtained from either portion. 

II. 10 grams of diclilororthonitrophenol was suspended in 50 c.o. 
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of chlorine-water, and heated in a bottle at 100° for seven hours. On 
testing a portion of the product, it was found to consist of unaltered 
substance. The aqueous liquid was then removed at the pump, and 
the substance transferred to a larger bottle, 800 c.c. chlorine-water 
added, and then heated at 100°, as usual, for six hours. On opening 
the bottle, it was found that there was considerable pressure ; oxides 
of nitrogen were given off, and there was a strong odour of chloro- 
picrin. The portion soluble in potassium carbonate solution con¬ 
sisted, however, entirely of unaltered dichlorori/ionitrophenol salt. 


Nitration of QrikocMorop&vubromophenoL 

Orf/mchloroparabromophenol was prepared as stated in a previous 
portion of the paper by chlorinating parahrom ophenol with S0 2 C1 2 ; 
the parabroxnophenol employed was pure, hut the chlorination product 
was not examined, further than it was found to consist of colourless 
needles. The experiment to be described was carried out as follows : 
38 grams of pure parabromophenol was fused in a flask, and after 
cooling somewhat, but not to the solidifying point, 29 grams of 
S0 2 C1 2 was slowly run in with constant shaking. It was then 
•allowed to stand, after which it was first freed from acid, and after¬ 
wards dissolved in about 200 c.c. glacial acetic acid, and the solution 
warmed with a slight excess of nitric acid (sp. gr. T42). After 
standing, it was thrown into water, and the precipitated nitro-com¬ 
pound filtered off at once: when dry it weighed 35 grams. Prom 
the mother-liquor, a further quantity of nitro-compound precipitated 
on standing, which was found to give a yellow potassium salt; the 
latter, on recrystallisation, was obtained in long, yellow needles. 
Analysis:— 

0*2076 gram lost 0*0126 gram at 120° and gave 0*0612 gram 

k 2 so 4 . 

Theory. 

C 6 H 2 01Br(NO 2 )*OK,H 2 O. Found. 


H 3 0... 5*83 p.c. 6*06 p.c. 

K... 12*64 „ 13*19 „ 


Prom the above numbers as well as from the melting point of the 
phenol, 137° with decomposition, there is no doubt whatever that 
this compound was potassium chlorobromoparanifcrophenol (compare 
this vol., p. 57). 

The main portion, which was also converted into potassium salt, 
was found to consist chiefly of orthochloroparabromorthonitropbenol 
melting at 114°, but orthochlorodinitrophenol melting at 110° was 
also separated. The following are the analytical results :— 
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Potassium OrthocMoroparabromorthonitrophenol. 

I. 0-2319 gram dried at 100° gave 0-0717 gram K 2 SO s .. 
II. 0-1963 „ „ 0-0598 


Theory. 

c 6 h 2 oibi'{no 2 )-ois:. 

K.. 13*42 p. c. 


Found. 


Jl. 

13*84 


1 ?. 

13*64 p. c. 


Potassium OrfhocMorodinitrophenol , 

0*2746 gram lost 0*0150 gram at 130° and gave 0*0870 gram 

k 2 so 4 > 

Theory. 

C 6 H 2 C1(N0 2 ) 2 -0K,H 2 (X Found. 


H.0... 6*55 p. c. 5*46 p. c. 

K...-. .... 14*20 „ 14*20 „ 


Action of Bromine on B&r&cMoroxthonitroplienol (correction ). 

In my former work the mistake to which I have already alluded 
must have occurred somewhat in the following manner:—The first 
portions of jparachlororiftonitrophenol which I used I took the trouble 
to thoroughly purify hy conversion into a salt and recrystallisation 
(loo. cit n 787), but, iu some of the subsequent experiments, I made use 
of a nitro-compound, which had been obtained from crude mono- 
chlorophenol, and which was consequently contaminated with orfcho- 
chlorophenol, and it would seem that in the experiments in which I 
decided that isomeric change had taken place, the chloronitro- 
compound must have consisted almost entirely of orflmhlorortho* 
nitrophenol, since the substance I obtained by the action of bromine 
at a high temperature undoubtedly consisted chiefly of orthodhlovo^ 
parabromorrf/ionitrophenol, 

In repeating this work, 10 grams of paraehlororfchonitrophenol, 
which had been very carefully prepared from solid y>anmhk>rophenol 
and had the correct melting point 87°, was dissolved in glacial acetic 
acid, and the solution heated to boiling; 9*5 grams of bromine 
(1 mol.) was then weighed out and slowly added to the solution; when 
half the bromine had been run in, the solution was again heated to 
boiling, and the remainder of the bromine added slowly as before-; 
after the addition of all the bromine, the mixture was again heated, 
and finally allowed to cool and poured into a large bulk of water.. 
The crude substance, after crystallisation from spirit, melted at 
123—124°^ On conversion into potassium salt, the latter was first of 
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all obtained in dark-coloured plates, but these on recrystallisation 
from water had the form of delicate red needles, which gave on 
analysis K = 13*67 percent.—theory requires 13*43 per cent.—and on 
decomposition with acid, a nitro-compound, which, when crystallised 
from spirit, melted at 125° (compare this vol., p. 60). 

The calcium salt was obtained in small, dark-red, glistening plates. 
Analysis :— 

I. 0*3646 gram lost 0*0424 gram at 100—180°, and gave 0*0789 
gram CaS0 4 . 

II. 0*3555 gram gave 0*0765 gram 0aSO 4 . 

III. 0*2667 „ 0*2869 silver precipitate. 

Pound. 

f * > 

I. II. III. IV. 

11*63 _____ 

6*36 6*33 — — 

— — 37*55 - 37*39 

The various specimens of this calcium salt which gave these 
analytical numbers were obtained from different portions of a solution, 
so that there is no doubt as to the homogeneity of the same. On 
decomposing a portion with acid, and crystallising the resulting 
compound from spirit, it was found to melt at 125°. 

Nitration of V&mcMororthoh*omovbhonitrophenoL 

In order that the constitution of the foregoing compound might be 
further confirmed, 4 grams of the crude substance, in. p, 123—124° 
(see above), was dissolved in hot glacial acetic acid, and a slight 
excess of nitric acid (sp. gr. 1*42) added. The solution was again 
heated to boiling. On cooling, needle-shaped crystals separated. The 
compound was converted into the potassium salt, which, after recrys¬ 
tallisation from water, was obtained in long, lightish-red needles. 
Analysis 1 

0*2162 gram dried at 100° gave 0*074 gram K 2 SO.i, 

Theory. 

C 6 H 2 C1(N0. 2 ) 2 *0K. Found. 

' K ... 15*20 p.c. 15*31 p.e. 

On decomposition with acid, a nitro-compound was obtained which 
melted at 78- s -79°. The melting point of jparuchlorodinitrophenol is 
80*5°. 

YOL. LV. , i 2 T 


IV. 0*3020 


0*3245 


Theory. 

[CsHoCIBr (N 0 2 ) • 0J 2 Ca,4H 2 0. 
HoO 11*70 p. c. 

Ca. 6*50 „ 

cn 


Br/ 


37-56 
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The constitution of the compound obtained by brominating para- 
chloiwffoonitrophenol at a high temperature is, therefore, purachlor- 
oHhohromorthomtrophenol, or, in other words, it is a normal product. 

Nitration of Para bromorthocMororthonitrophenol . 

This substance was nitrated in a maimer similar to the foregoing 
isomeride. The potassium salt of the product was obtained in bright 
yellow needles. Analysis :— 

0-2312 gram lost 0*0153 gram at 120° and gave 0*0736. gram K a SQ 4 . 

Theory. 


C 3 H 3 C1(N0 2 ) 2 -0K,H,0. Found. 

H*0 .. 0*55 p. c. 6*61 p. c. 

K...' 14*20 „ 14*23 „ 


The phenol from this melted at 110°, which is the correct melting 
point for ori/mchloroH/mparadinitrophenoL 

My experiments serve to show that there is a tendency for bromo- 
derivatives of ortf&onitropbenol to be converted into those of para- 
nitrophenol when heated with bromine and water, although they 
throw 3 io light on the exact manner in which the change takes 
place. It might appear that the production of jmraquinone- 
derivatives from those of orthonitrophenol necessitated the trans¬ 
ference of the NTOrgroup from the ortho- to the para-position, hut 
this view is excluded by the fact that whereas dichlororthonitro- 
phenol is readily converted into a paraquinone-derivative when 
heated with bromine and water, dichloropamphenol is certainly not 
produced in the reaction.. 


LVII.— Benzyl-derivatives of the Phenylened iamines. 

By Raphael Meldola, F.R.S., and J. H. Cosths. 

In a paper published last year by one of the authors and E. H. R. 
Salmon (Trans., 1888, 774) it was shown that para- and meta- 
nitraniline could be readily benzylated by heating with benzyl chloride 
in the presence of aqueous caustic soda solution. As the benzyl- 
derivatives of the corresponding diamines have not hitherto received 
much attention, we have thought it desirable to prepare these com¬ 
pounds and some of their derivatives in order to study the effect 
produced upon the properties of these derivatives by the presence iti 
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tlie molecule of a heavy positive radicle stick as benzyl. Dibenzyl- 
paraplienylenediamine has been described in a paper published by 
Matzudaira (j Ber. f 1887, 1614). 


B ENZYLPARAPHENYLENE DIAMINE. 


BenzvIparanitraniline was reduced by boiling the alcoholic solution 
with tin and hydrochloric acid; the alcohol was distilled off and the 
tin precipitated by sulphuretted hydrogen. On evaporating the 
solution, white, scaly crystals separated out, and after purification by 
dissolving in water, filtering, and again evaporating- in the presence 
of excess of hydrochloric acid, the salt was obtained in the form of 
lustrous, white scales which proved to be the dihydrochloride :— 

0*1588 gram burnt with lime gave 0T639 gram AgCl. 

0*1135 gram gave 9*7 e.c. moist N at 9° C. and 764*3 mm. bar. 


Calculated for 

C 6 H 4 <^|y H f-2HCl. 


Cl.. 26-19 

N .. 10-33 


Found. 

26*35 

10*33 


The dihydrochloride is readily soluble ip hot and cold water, and is- 
thrown out in the crystalline form by the addition of hydrochloric 
acid. The salt is almost insoluble in cold alcohol. The aqueous 
solution, not containing an excess of acid, has the following proper-., 
ties:— 

Ferric chloride produces a green colour at first but this soon 
changes into red, the latter colour becoming more pronounced on 
heating the solution and an odour of benzaldehyde being at the same 
time evolved. Potassium chromate produces a deep bluish-green 
precipitate which on boiling becomes red and gives off benzatdehyde.. 
Bromine-water produces a green colour which changes to red on 
standing. When the solution is saturated with sulphuretted hydrogen,, 
the addition of ferric chloride causes a blue precipitate of a colouring 
matter belonging to the methylene-blue group. 

The free base is precipitated on adding alkali to the aqueous 
solution of the dihydrochloride in the form of an ochreous precipitate, 
which under the microscope is seen to consist of an emulsion of oily 
globules. On extracting the oil by agitating with ether,, and allowing 
the ethereal solution to evaporate, the base separates as an oil which 
solidifies to a' crystalline mass on standing for some hours. The 
crystals consist of moss-like aggregations having* a melting point of 
30°. The base soon becomes red by oxidation on exposure to the air* 

2 T 2 1 ' 
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Diaceiy l-derivative. 

The dry dihydrochloride was suspended in glacial acetic acid, dry 
sodium acetate added, and the mixture boiled for about half an hour 
with the addition of acetic anhydride- On diluting with water and 
nearly neutralising with ammonia, a whitish, resinous substance 
separates out. The latter is readily soluble in boiling alcohol, and 
separates from the saturated solution on cooling in the form of a 
viscid resin which solidifies to a crystalline cake on standing for some 
•days. The substance crystallises from dilute alcohol in the form of 
colourless, hexagonal prisms with oblique ends having a melting 
point of 116*5—117°. Analysis showed that the compound was the 
di acetyl-derivative. 

0*1015 gram gave 0*2680 gram C0 2 and 0*0612 gram H 2 0. 

0*1080 gram gave 9*1 c.c. moist 1ST at 10*5° C. and 764 mm. bar. 


C 

H 

JST 


Calculated for 


c q h 4 < 


N(C ; H 7 )*aH s O 

NH-CsHaO* 

72*84 

6*88 


9*92 


Found. 

72*01 

6*70 

10*12 


Dibenzoyl-derivative. 

Some of the dry dihydrochloride was boiled for about an hour with 
benzoyl chloride and anhydrous sodium benzoate. The product was 
■washed repeatedly with hot water and finally with dilute ammonia, 
and then dissolved in hot dilute alcohol and the solution allowed to 
cool. The substance separates out as an oil which on standing for 
some days solidifies to a crystalline cake consisting of aggregations 
of white needles having a melting point of 124°. 

0*1033 gram gave 0*3008 gram C0 2 and 0*0522 gram H a O. 

0*1532 gram gave 8*7 c.c. moist NT at 12*5° 0. and 755*5 mm, bar. 


Calculated for 



^^NH-C-HsO 



Found, 

c. 

. 79-80 

79-42 

H ... 

... 5-42 

5-61 

N . . 

.. 6*90 

6-69 


Oxidation of Benzylparaphenylenediamine in the presence of other 
aromatic Amines . 

It is well known that by the oxidation of paradiamines in the 
presence of other amines, certain unstable colouring matters belonging* 
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to the group of indamines are obtained. In order to prepare a 
dibenzylated indamine, equal molecular proportions of the crystallised 
benzylparaphenylenedmmine diliydrochloride and benzylaniline hydro¬ 
chloride were dissolved in water, and the necessary quantity of a 
solution of potassium dichromate gradually stirred into the well- 
cooled and dilute solution of the bases. The addition of the oxidising 
agent causes the separation of an intense greenish-blue colouring 
matter, which is no doubt the. dibenzylated indamine formed according 
to the well-known reaction:— 

ra 3 *c 6 H 4 -]ra-c 7 H v + CoH 5 -is t h-c 7 h 7 - 2h 2 = 

C 7 H 7 -HN*C 6 H4*N:G 6 H 4 :]Sr-C 7 H 7 . 

The constitution of this indamine would be—* 

H H 

_ . Q - Q 

c 7 h 7 'HN<^ \h:c/ NciN-CjHy. 

\' \C=zC / 

H H 

The presence of the benzyl-gronps does not appear to confer 
increased stability upon the colouring matter, which at first collects 
into a resinous mass of an intense coppery lustre and then rapidly 
disintegrates, at the same time losing colour and passing almost 
entirely into solution. A strong odour of benzaldehyde is perceptible 
from the beginning of the oxidation of the mixed bases. After being 
allowed to stand for some time in the cold, the solution is filtered to 
remove a small quantity of some insoluble resinous impurity, and the 
basic substance dissolved in the solution thrown out (mixed with 
chromic hydroxide) by means of ammonia. The greenish precipitate 
is collected, washed with cold water, allowed to drain, and then 
extracted with boiling alcohol and filtered. The filtrate on cooling 
deposits a basic substance crystallising in oehreous scales melting at 
149—151°. A specimen of this base was analysed .with the following 
results:— 

01067 gram gave 0-3235 gram C0 2 and 0*0613 gram TLO. 

0*0885 gram gave 8*7 c.c. moist N at 14° C. and 759*3 mm. bar. 

The base is readily soluble in boiling benzene and less soluble in 
petroleum. It dissolves in dilute hydrochloric acid on warming, but 
always leaves a small quantity of resinous residue and gives oft an 
odour of benzaldehyde under this treatment. The solution of the 
hydrochloride gives a greenish-blue colouring matter on oxidation 
with ferric chloride, but we have not yet been able to ascertain 
whether this is identical with the original indamine or not. The 
most obvious view with respect to the constitution of this base is that 
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it is dibenzyldiamidodiphenylamine, but we liaye satisfied ourselves 
that this is not the case by preparing some of the indamine in the 
manner described and then immediately reducing it by means of 
zinc-dust and acetic acid. The decolorised solution, after this treat¬ 
ment, was filtered, precipitated by sodium carbonate, and the preci¬ 
pitate collected, washed, and extracted with boiling alcohol as before. 
The alcoholic filtrate deposited no crystals on cooling, and on dis¬ 
tilling off the solvent, an oily base was obtained which did not solidify 
on long standing and Which could be readily oxidised back into a 
greenish-blue colouring matter very similar to if not identical with 
the original indamine. This oily base is no doubt dibenzyldiamido¬ 
diphenylamine formed from the indamine in accordance with the 
reaction :— 




c 6 h 4 :n-c,h 7 


+ h 3 


.C fi H 4 -NH-C,H, 

mN< ^C c H 4 -NH-C,H,- 


The oily base on acetylation gave an acetyl-derivative crystallising 
in white needles melting at 180°, but the quantity obtained was too 
small for analysis. 

A more extended series of experiments will be necessary, in order 
to determine the nature of the base resulting from the spontaneous 
decomposition of the dibenzylindamine. We have already made 
several preparations, and have arrived at certain conclusions, which 
we think it desirable to make known at the present stage of the work, 
as the investigation cannot be resumed for some time to come. The 
fact that the substance is not dibenzyldiamidodiphenylamine, con¬ 
sidered with the circumstance that benzaldehyde is given off during 
the reaction, appears to indicate that the compound is a condensation 
product, or a mixture of such products derived from benzaldehyde. 
On this view, the most probable formula is that which represents the 
substance as a benzylbenzylidene-, or as a dibenzylidene-diamido- 
diphenylamine. The analytical results do not enable ns to decide 
between these two substances, and, in fact, we are disposed to 
believe that both of them may be formed by the spontaneous decom¬ 
position of the indamine :— 


C 

H 

N 


Calculated for 

wk ^c 6 h 4 *n:ch-c 6 h 5 

n X0 fi H 4 *NH*CHf OfiKy 


Calculated for 

WTT /C 6 h 4 ‘N;ch.c 6 h 5 

iN±L<; ‘C ri H4‘N:CH-a fi H s ' 


82-76 ■ 83*20 

6*10 5-60 

11*14 11*20 


Found. 

82*69 

6*38 

11:55 


In the course of further experiments, we always obtained a crystal- 
Tine basic compound similar in properties to that just described 
but certain wide discrepancies in the melting 
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points of different preparations have led to the conclusion that the 
base is really a mixture of the two compounds formulated above. It 
will be seen that these two substances differ only by two atoms of 
hydrogen. By crystallising a specimen from benzene, we obtained a 
first crop of crystals melting at 176°. On adding petroleum to the 
mother*liquor a second crop was obtained, the melting point of which 
was 168—170°, and by allowing the filtrate to evaporate in a dish a 
third crop was obtained, of which the melting point was 149—154°. 
These three fractions differed but little in appearance and properties 
beyond the differences in solubility and melting point. They all 
contained about the same quantity of nitrogen:— 

1st crop. 0*0781 gram gave 7*9 c.c. moist 1ST at 20° C. and 
756*8 mm. bar = 11*51 per cent. 

2nd crop. 0*0647 gram gave 6*1 c.c. moist hi at 18*5° C. and 
756*7 mm. bar = 11*06 per cent. 

3rd crop, 0*0531 gram gave 5*2 c.c. moist hi at 18*5° C. and 
758 mm. bar = 11*28 per cent. 

Which of these fractions represents the dibenzylidene-derivative 
and which the benzylbenzyiidene-compound must for the present 
remain undecided. It would appear most probable that the first 
fraction having the higher melting point is the dibenzylidene- 
clerivative, but this question, can only be settled by a study of the 
action of benzaldehyde on paradiamidodiphenylamine, and a com¬ 
parison of the products thus obtained with those described above. 

By oxidising equal molecular proportions of the benzyl-diamine and 
aniline (both in the form of hydrochlorides) with the calculated 
quantity of potassium dichromate, a greenish-blue indamine is 
formed, which in the Course of about half an hour loses its colour 
and decomposes with the evolution of benzaldehyde. Nothing 
definite has, however, been isolated from the products of decomposi¬ 
tion. A red colouring matter was found among the latter, which 
doubtless belongs to the azines^ 

A benzylated safffanine was prepared in the following way. One 
molecular proportion of benzyl p&raphenylenediamine, one molecular 
proportion of benzylaAiline, and one molecular proportion of aniline 
were dissolved in the form of hydrochlorides in boiling water, and 
oxidised in the usual way by adding a solution containing the 
calculated quantity of potassium dichromate.* The hot solution was 

# In the abstract of this paper which appears in the Proceedings (No. 71, p. 116), 
there is an error which I may take the present opportunity of correcting. It is 
there stated that one molecule of the benzyl-diamine and two molecules of benzyl- 
aniline give a saffranine when oxidised together. This, however, is not the case j 
r<< the:above statement is the aetuairecord of the experiment.—R. M* 
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filtered as soon as the reaction was complete, and the colouring 
matter thrown out by the addition of common salt. The saffranine 
thus formed presented no characters of special interest, and its 
investigation was not pursued in detail. The red aqueous solution of 
the chloride becomes blue on adding excess of hydrochloric acid; the 
alcoholic solution of the colouring matter is violet, with a reddish 
fluorescence which is not destroyed by ammonia. 

Biazo - and Azo~derivaiives of BenzyIparaphenylenediamine. 

The free amido-group of the benzyl-diamine is readily diazotised 
by treating the solution of the hydrochloride with sodium nitrite in 
the usual way. The solution of the diazo-chloride thus formed is 
always rendered turbid by the presence of a small quantity of some 
ochreons precipitate which is simultaneously produced by the action 
of the nitrous acid. After filtration, the clear solution shows all the 
characters of a solution containing a diazo-salt. Platinum tetra¬ 
chloride produces a copious precipitate of an ochreous colour, show¬ 
ing under the microscope no trace of crystalline structure, The 
analyses of a specimen of this platinum salt, dried under a desiccator 
in a vacuum, gave numbers which could not be made to agree with 
any formula, and we are inclined to believe that the platinie salt acts 
partly as an oxidiser, contaminating the product with oxidised 
impurities. The solution of the diazo-chloride reacts with phenols in 
alkaline solution, forming azo-compounds of the type— 

C 7 H7 , lSfH*CcH4*N2 , Ph (Ph = phenolic residue). 

Of these compounds we have prepared and examined those formed 
from a- and /3-naphthol. 

Benzijl<wiidobenzeneazo-oc-mpMhol —Qn mixing a solution of the 
diazotised diamine with an alkaline solution of «-naphfchol nothing 
separates out, but the liquid uquires a deep red colour owing to 
the formation of the azo-compound, OtHTOT-OeHi^'O^OH^). 
The latter separates from the alkaline solution on the addi* 
tion of acid, as a dark, uncrystallisable resin. This azo-compound 
dissolves in alcohol with an orange colour becoming red on the 
addition of alkali; it dissolves freely with a red colour in aqueous 
alkali, and in strong sulphuric acid with a violet colour, becoming 
redder, and finally precipitating on dilution. 

Benssylam0obmzeneazo~l3-napMhoL —The addition of the diazo- 
chloride solution to the /3-naphthol dissolved in caustic soda causes 
the precipitation of a reddish-brown azo-compound, which, after 
being collected, washed, and dried, forms a resinous mass haying a 
slight metallic lustre. The substance dissolves but slightly in alcohol 
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or benzene, but more freely in chloroform, the solution being of an 
intense orange-brown colour. By adding alcohol to the chloroform 
solution and allowing the solvents to evaporate slowly, the substance 
was obtained as a crust of small, warty crystals, having a greenish 
metallic lustre and melting at about 124°. The melting point was 
not changed after a second crystallisation from chloroform and 
alcohol. 

0*1046 gram gave 10*7 c.c. moist BT at 14° C. and 764*5 mm. bar. 

Calculated for 

C 7 H 7 -]Sne[-C 6 II 4 -N a .C lo H tf OH03), Found. 

N. 11*89 12*10 

This azo-compound dissolves in strong sulphuric acid with a 
magenta-red colour, which becomes more orange on dilution, the 
substance being finally precipitated in an unaltered state. 

Benzylmetaphehylenediamine. 

This substance was prepared by the reduction of benzylmetanitr- 
aniline in precisely the same way as the corresponding paradiamine. 
After removing the tin as sulphide, the solution was evaporated, and 
a dense, brownish crystalline deposit of the dihydrochloride was 
obtained. The crystals appear to consist of rhombohedra built up of 
laminar By allowing a drop of the solution to evaporate on a watch- 
glass, the crystals were seen under the microscope to oonsist of elon¬ 
gated hexagonal tablets. 

0*1685 gram gave 0*1754 gram AgCL 

Calculated for 

CW'<K tWiHflL Found. 

01..... 86*19 2.5*76 

The free base is an oil which does not solidify on long standing. 
The aqueous solution of the dihydrochloride gives with ferric chloride 
a red colour, which changes into orange-brown on standing; the 
colour at first becomes deeper on heating, and a whitish product of 
oxidation then separates. The addition of potassium dichromate 
causes an immediate precipitation of the whitish product of oxidation. 
Platinic chloride also acts as an oxidiser, giving a dark, amorphous 
precipitate containing platinum. Sodium nitrite gives a reddish- 
hrown precipitate, which appears to consist of a mixture of an azo- 
and a diazo-compound. This was shown by the decomposition of the 
substance with the evolution of nitrogen during an attempt to obtain 
a pure specimen by crystallisation ftbm alcohol. The diacetyl-deri- 
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vative of the diamine was prepared by beating some of the dihydro- 
chloride with acetic acid, dry sodium acetate, and acetic anhydride; it 
proved to be an uncrystallisable, resinous substance, 

Dibenzoy h derivative. 

This compound was prepared by heating the dihydrochloride with 
benzoyl chloride and dry powdered sodium benzoate in a flask at the 
temperature of boiling water. If this temperature is exceeded, the 
reaction takes a different course, aud resinous products are formed. 
The benzoylation is complete in about an hour, and the contents of 
the flask are well washed with hot water, and finally with dilute 
ammonia. The resinous product is dissolved in hot dilute alcohol 
and allowed to crystallise, when the dibenzoyl-derivative is obtained 
in the form of colourless, rhomboid*! tablets, melting at 178°, 

0*0954 gram gave 5*7 e.c. moist NT at 17*5° 0. and 754*5 mm-, bar-. 


K 


Calculated for 


<Wi< 


N(C*H 7 )-C 7 H 6 0 

nh*c 7 h 5 o 


6*86 


Bound-. 

6*86 


Oxidation of a Mixture of Benzyhfteta- and B'enzyljpara-pheftylene- 

diamim. 

Equal molecular proportions of the two diamines in the form of 
their dihydrochlorides were dissolved in cold water, and the necessary 
quantity of a solution of potassium dichromate added. A bulky pre¬ 
cipitate of a deep indigo-blue colour at once separates. This colouring 
matter (indamine) was collected, washed well with cold water, in 
which it is practically insoluble, drained, and dried. The compound 
when dry forms a bine powder, very similar in appearance to indigo. 
We have not been able to obtain the substance sufficiently pure to 
confirm its formula by analysis, as it is insoluble in water, and although 
soluble in alcohol, does not crystallise from this solvent. There can 
be but little doubt, however, that the compound is a dibenzyl-amido- 
indamine;— 

C 7 H 7 *N:OaH 4 :]Sr*OeH 3 (NH) 2 *IirH‘C 7 H^ or 

H E "vi-TT 

yC=Ov \ ' ' 

c 7 h 7 -n;c< >c:n( >nh*c 7 h 7 . 

X)—CK \-/ 

HE 

The indamine is fairly stable in alcoholic solution, and can be 
boiled for some time in the presence of this solvent without under- 
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going decomposition. The solution is of an intense blue colour, which 
is changed to red both by acids and alkalis. The base thrown out by 
the addition of an alkali rapidly changes into the azine. Platinic 
chloride added to the alcoholic solution causes the separation of a 
deep indigo-blue, amorphous precipitate. A specimen of this p latino- 
chloride, collected and washed with alcohol till the washings came 
through colourless, gave on analysis numbers approximating to the 
formula (OoGH^^rRCl^PtCh, but it was not found possible to obtain 
this salt in a state of perfect purity. The indamine on redaction 
might be expected to furnish dibenzyltiiamidodiphenylamine, but the 
reduction product passes back into the indamine so rapidly by the 
action of atmospheric oxygen, that our efforts to isolate this base 
were unsuccessful. On boiling the indamine suspended in water made 
slightly acid with hydrochloric acid, the azine is readily formed. 

hr 

This compound has the formula G 7 H 7 *NH*G 6 H 3 <^^^>C 6 Ha*IsrF*C 7 H 7 , 

and is a dibenzyl-derivative of diamidophenazine. The hydrochloride 
and the base are both insoluble in water, and could not be obtained 
in a crystalline form. The base is slightly soluble in alcohol, the 
solution being red, with a greenish fluorescence. The hydrochloride is 
readily soluble in alcohol, the solution being of an intense red, which is 
changed to violet by excess of hydrochloric acid. On adding platinic 
chloride solution to the alcoholic solution of the hydrochloride, a 
reddish-brown, amorphous plati no chloride is precipitated. A speci¬ 
men of this salt, collected and washed repeatedly with alcohol and 
dried in the water-oven, gave the following results :— 

0*0128 gram gave 0*0020 gram Pt = 16*26 per cent. 

This agrees with the formula (CsiiHsaNd'HG^aPtCh, which requires 
16*34 per cent, of Pt. A chlorine determination in the platinum salt 
allowed, however, that the compound was still impure, and want of 
material prevented further attempts at purification. 

A specimen of the azine-base was analysed, with the following 
results 

0*1671 gram dried for some days under a desiccator in a vacuum 
over calcium chloride, and then dried in the water-oven till 
the weight was constant, lost 0*0064 gram = 3*83 per cent. 

0*1208 gram (dried in water-oven) gave 13*9 c.c. moist N at 21° 
and 762*6 mm. bar. 

The base dried under a desiccator thus appears to contain 3 mols. 
of water, one of which is given off at 100°. 
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Doss calculated for 



C., 5 H„.,N 4 -3H 3 0 - H.O. 

Pound. 

HjO.... 

...... 4-05 

3*83 


Calculated for 



C» 6 H.oN v 2HoO. 

Found. 

¥. 

. ia*i4 

13-11 


The azine dissolves in strong hydrochloric acid, giving a dull, slate- 
coloured solution. In strong sulphuric acid it dissolves with an 
ochreous colour, which first becomes greenish, then violet, and finally 
red on dilution with water, 

TETEABENZ\ T LPARAYHE^^YLEITEDU.EIN1.■ 

This compound was in the first place obtained in the course of an 
attempt to prepare a symmetrical dibenzylparaphenylenediamine 
isomeric with that described by Matzudaira (Ber., 1887, 1614), 
Paraphenylenediamine sulphate was dissolved in water, the necessary 
quantity of benzyl chloride (two molecular proportions) added, and 
the solution made alkaline with caustic soda. The contents of the 
flask were kept just at the boiling point for about two days, the 
reaction being promoted by frequent agitation, The product con¬ 
sisted of a semi-solid mass, which was washed with water, and then 
extracted two or three times with hot alcohol, in which the greater 
portion remained undissolved. The substance was then crystallised 
from glacial acetic acid, and finally from benzene and petroleum. 
The analytical results showed that the substance was the tetrabenzyl- 
derivative, and subsequent experiments showed that the benzylatiou 
alw T ays proceeded further than the formation of the dibenzyl- 
diamine. 

In order to prepare the tetrabenzyl-derivative, it is only necessary 
to heat paraphenylenediamine or its monobenzyl-derivative with the 
necessary quantity of benzyl chloride, in the presence of aqueous 
caustic soda, in the manner above described. When the reaction is 
complete, the product forms a brittle resin, which can he purified by 
crystallisation from glacial acetic acid, and then from benzene and 
petroleum, A specimen thus purified was obtained in the form of a 
white, crystalline powder, melting at 149°. After another crystal¬ 
lisation, by dissolving in chloroform and throwing out by the addition 
of alcohol, the melting point remained unaltered. 

0:0861 gram gave 0*2735 gram C0 3 and 0*0581 gram EfA 

0*1167 gram gave 6 c.c. moist N at 20° 0. and 766*1 mm. bar. 
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Calculated for 



o H /N(C r H-)„ 

«4 tst <;c 7 n 7 ) 3 - 

Found. 

c. 

. 87-18 

86*64 

H. 

. 6-73 

7*46 

1ST. 

. 5-98 

5*92 


Tetrabenzylparaphenylenediamine possesses no basic properties. 
It dissolves with difficulty in boiling alcohol, acetone, or petroleum, 
separating from these solvents on cooling in the form of slender, 
white needles, having a silky lustre. The substance dissolves readily 
in chloroform, benzene, and carbon disulphide; less freely in cold 
ether. The solution in hot glacial acetic acid deposits the substance 
on slow cooling, in the form of dense, colourless, prismatic needles. 
In its behaviour towards oxidising agents the substance closely 
resembles the corresponding tetramethyl-derivative described by 
Whirs ter (Her., 1886, 8195)* The tetrabenzyldiamine, when dry, 
does not discolour on exposure to the air, but its solution, in certain 
solvents, gradually acquires a blue-violet colour. This was first 
noticed in the case of the acetic acid solution, which becomes deeply 
coloured on heating, and on continuing to boil the colour gradually 
disappears. On cooling, the acetic acid solution again becomes slowly 
coloured. The addition of a chromate to the acid solution causes the 
immediate separation of an intense blue-violet colouring matter. We 
have not prepared this colouring matter in sufficient quantity to make 
an analysis of it, but Wurster states that the corresponding tetra- 
methyl-violet differs from the tetramethyldiamine only by two atoms 
of hydrogen, and he assigns a formula which, by analogy, would 
lead to the following formula for the hydrochloride of the tetrabenzyl- 
viqlet:— 


Cl yCH 3 -C 6 H 5 
/N^CH 2 *C 6 H 5 

CJi)< hi >ch-c 0 h 5 ' 

1 < ^CH 2 'C 6 H 6 


White filter-paper, wetted with a benzene solution of the tetra- 
benzyldiamine and allowed to dry, can be used as a test for “active ” 
oxygen, in the same way as Wurster’s tetramethylparaphenylene- 
diamine paper. When sodium nitrite is added to the acetic acid 
solution of the tetrabenzyldiamine, the violet colouring matter is first 
produced, and as the nitrous acid continues to act, the colour 
gradually changes to orange, and the addition of water then pre¬ 
cipitates an orange resinous substance, which is probably a nitros- 
amine. 
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This compound was prepared like the preceding, by heating a 
solution of metaphenylenediamine in the presence of excess of 
aqueous caustic soda with the calculated quantity of benzyl chloride. 
In about 12 hours the benzylation was complete, and the product 
formed a pitchy mass, which was washed repeatedly with water, and 
then with hot alcohol. The tetrabenzyldiamine is devoid of all 
basic properties, and is characterised by general inertness; it is not 
acted upon by sodium nitrite in acetic acid solution, so that a nitroso- 
derivative could not be prepared as Witt has shown to be possible in 
the case of the corresponding tetramethyl-derivative (Ber., 1886, 
877). It does not appear to be nitrated even on heating with fuming 
nitric acid. In its behaviour towards solvents the substance closely 
resembles the corresponding para-.eompound, but it is quite uncrystal- 
lisable, and separates from its solutions as a resin. A specimen was 
purified for analysis by dissolving the crude substance in glacial 
acetic acid, and precipitating by dilution with alcohol. The substance, 
after being collected and washed with alcohol, formed a light achro¬ 
ous powder, non-crystalline, and having a melting point of about 
80—81°. 

0*1328 gram, gave 7 c.o. moist N at 18° 0. and 755*8 mm. bar. 


Calculated for 


5*98 


Found. 

6*00 


During the purification of the substance by the above treatment it 
was noticed that some bve-product, having an intense greenish 
fluorescence, remained dissolved in the mother-liquor, but this com¬ 
pound has not yet been isolated. 

Finsbury Technical College , 

July, 1889. 
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LVTII .—Contributions to the Chemistry of the Azonaplithols. 

By Raphael Meldola, F.R.S., and Gilbert T. Moegax. 

I.. Alktl-deeiyatives of Azo-^-ISTaphthol Compounds. 

Ik- a recent) communication on this subject (this voh, p. 114) it was 
pointed out that the evidence derived from a study of the products of 
reduction of the azo-/3-naphthol-alkoyl-derivatives,. indicated that the 
replaceable atom of hydrogen was attached to oxygen and not to 
nitrogen ; a conclusion which obviously necessitates the rejection of 
the formulae proposed for these compounds by Liebepmann (Ber., 1883, 
2858) and Zincke (Ber., 1884', 8026)., Of the alkyl-derivatives of the 
azo-/3-naphthol compounds the only one which has been studied in 
any detail is the ethyl-derivative of benzeneazo-/3~naphthol (Wein¬ 
berg, Ber., 1887; 3171). A quantity of this substance having been 
placed at our disposal by Dr. Weinberg, we thought it of sufficient 
interest, in connection with the present inquiry, to make a further 
; study of the products of reduction. The substance forwarded to us 
by Dr. Weinberg consisted of a deep orange-red, viscid oil, which 
deposited dense,, orange crystals on standing for some weeks. The 
crystals consisted of unaltered benzeneazo-/hnaphtkol, the oily portion 
consisting of the ethyl-derivative, saturated with the dissolved un- 
alkvlated compound. We afterwards prepared other specimens by 
cohobating benzeneazo-/3~naphthol dissolved in alcohol with equal 
molecular proportions of potassium hydroxide and ethyl bromide or 
iodide. In none of our experiments: was the ethylation complete, and 
we can fully confirm Weinberg’s statement that the product always 
contains a certain quantity of unalkylated substance. 

The fact that benzeneazo-/3-naphthol cannot be alkylated completely, 
diminishes the value of this and similar compounds for the particular 
purposes of our present investigation, inasmuch as the products of 
reduction, of the mixture must necessarily contain amido-/hnaphthol. 
Sufficient evidence that the ethyl-group is attached to the oxygem 
atom has, however, been obtained to warrant the publication of the 
results. The oily mixture* was dissolved in alcohol and reduced by 
adding a solution containing a little more than the theoretical quantity 
of stannous chloride. The mixture was allowed to stand at the 
ordinary temperature for some hours, and fhe reduction then com¬ 
pleted by gently warming, with the addition of some more tin and 
hydrochloric acid. The alcohol was distilled off, the solution diluted 
with water, filtered in order to remove resinous impurities, and the 
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filtrate mixed with dilate sulphuric acid. The sulphate of the 
naphthyl phenyl base slowly separated, and after being collected 
and washed with cold water, was purified by crystallisation from 
boiling water. This salt and the free base were found to possess 
the characters assigned to them by Weinberg, and were not 
further examined. In order to further characterise the substance, 
the acetyl-derivative was prepared by boiling the sulphate with 
glacial acetic acid, dry sodium acetate, and acetic anhydride. The 
product thrown out by dilution with water was crystallised two or 
three times from alcohol, and then formed small, flat, whitish needles, 
melting above 288°. Analysis showed the compound to be the di¬ 
acetyl-derivative of the diamido-naphthylphenylethoxy-compound :— 

0'0760 gram gave 0*2017 gram CO s and 0*0397 gram H 2 0. 

0*0812 gram gave 5*4 c.c. moist NT at 11° C, and 759*6 mm. bar. 


Calculated for 

C 2; ;H 2 . ;! "M i 0 3 . Pound. 

C. 72 : 92 72-66 

H. 6‘07 5-80 

X .. 7-73 7-92 


The filtrate, still containing tin salts, after the removal of the sul¬ 
phate of the naphtiiylphenyl-base, was saturated with sulphuretted 
hydrogen, the tin sulphide filtered off, and the filtrate evaporated to 
the crystallising point. The white, crystalline deposit was found to 
consist of amido-/3-naphthol salts, the base being identified by the 
usual tests as well as by conversion into the dibenzoyl-derivative 
(in. p. 226*5°, Trans., 1889, 121). This amido-/3~naphthol is doubt¬ 
less derived from the unalkylated benzeneazo-jfl-naphthol. 

Three formulae are possible for the naphthyIpheny 1-base, according 
to the view taken with respect to the position of the ethyl-group, 
viz.:— 


C« Hi-NH* CMTHs 

n rr n pr o n ✓'NTH* * 

CwH 5 <0^0 3 H s 0ioE5 <OH 0 5< oh 


I. 


II. 


III. 


The first of these corresponds to the old formula for benzeneazo- 
/ibnaphthol:—■ 

c ^<oE ( >r or t0 

H 


♦ Meldola, Phil Mag,, Nov. 1888, 408, 
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The second formula, which represents the ethyl attached to the 
nitrogen, would correspond to Liebermann’s formula— 

c 1u h„<5J>n-c 6 h, 

The third formula, in which the ethyl is attached to the amidic 
nitrogen of the phenyl residue, would correspond to Zincke’s hydr- 
azone formula:— 

or o:c 10 h 5 :n-nh-c 6 h 5 . 


The determination of the number of amido-groups in the naphthyl- 
phenyl base is therefore a matter of considerable importance, as by 
this means alone is it possible to decide between the different formulae. 
Acetylation is obviously of no avail in this case, as a free hydroxyl- 
group in the ortho-position is acetylated quite as readily as an arnido- 
group (this voh, p. 121). By titration with sodium nitrite, Weinberg 
has already come to the conclusion that two amido-groups are present, 
in which case formula I. must he regarded as established. As so 
much depends upon the decision of this point, we thought it desirable 
to obtain further evidence, and we accordingly prepared the secondary 
azo-compound by diazotising the naphthylphenyl-base and combining 
it with j8-naphthol. For this purpose, the hydrochloride of the base 
was dissolved in water, and treated with a solution containing the 
calculated quantity of sodium nitrite (two molecular proportions). 
After standing for some time, the solution was gradually mixed with 
a well-cooled solution of /3-naphthol (two molecular proportions) dis¬ 
solved in caustic soda. A deep violet precipitate at once formed, and 
this was collected, washed, and dried. The azo-compound had to be 
crystallised several times from glacial acetic acid and finally from a 
mixture of chloroform and alcohol before it was obtained quite pure. 
The following results were obtained on analysis 


I. 0*0889 gram gave 0*2371 gram 00 2 and 0*0397 gram II 3 0. 

II. 0*0915 „ 0*2599 „ „ 0*0448 

III, 0*0780 ' „ , 6*2 c.c. moist 1ST at 15° C. and 771*1 mm. bar. 

These results agree with the formula of a secondary azo-com¬ 
pound:— 



Calculated for 
Ossffssl'UfV 

£ ■ 

II. 

hi. 

0 .... 

... 77-55 

77-07 

77*46 

— 

H .... 

... 4-76 

5-25 

• 5*37 

— 

' hr 

VOL. LV. 

... 9-52 

o — 

1 , 

9*33 
2 u 
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The azo-compound forms small, bronzy needles, very sparingly 
soluble in boiling alcohol with a violet colour. It dissolves 21101*0 freely 
in glacial acetic acid with a reddish-violet colour, and very readily in 
chloroform, the solution in the last solvent being of a magenta-red. 
The solution in strong sulphuric acid is violet, giving a similarly 
coloured precipitate on dilution. The melting point is 153—154°. 
The formula of the compound is— 


O.H 4 -K , a -O l0 H 6 -OH(/8) 

U*Os hi A p) 


and. the original naphthylphenyl-base must accordingly contain two 
amido-groups (formula I). 

Attempts to prepare methyl- and benzyl-derivatives of benzeneazo- 
/Bnapbthol gave unsatisfactory results, as the alkylation is less 
complete in these cases than when ethyl is introduced. The presence 
of a nitro-group in the benzene nucleus does not facilitate the 
alkylation. 

II. Benzoyl-derivative of Benzkneazo-«-naphthoii. 

It has long been known that benzeneazo-a-naphthol can be readily 
alkylated, and also that the hydroxylic hydrogen of this compound is 
capable of being replaced by, acid radicles. Of the alkoy 1-derivatives 
the only one at present described is benzeneazo-a-naphthyl acetate 
(ra. p. 128°, Ldebermann, Ber 1883, 2858 5 Zineke and Bindewald, 
Ber., 1884, 3026). 


Benseneazo- a-ncvp hihyl Benzoate , CeBANkC ioH^O’CtHaO (»). 

This compound is easily prepared by making dry benzeneazo- 
a-naphbhol into a paste with benzoyl chloride and dry, powdered 
sodium benzoate, and heating the mixture in a flask in a water-bath 
for 2—3 hours. The product is washed well with boiling water, and 
finally with dilute ammonia till free from benzoic acid. Of the 
various solvents tried for the crystallisation of the substance, glacial 
acetic acid was found to be the most convenient. The solution is 
deep orange-brown, and if allowed to cool slowly and without being 
disturbed, it deposits the substance in the form of dense, reddish-brown 
prisms. If, however, the solution is cooled rapidly and the crystallisa¬ 
tion hastened by scraping the sides of the beaker with a glass rod, 
the substance separates in the form of minute, orange needles, which 
dry to an ochreous powder. The two forms are so totally dissimilar 
in appearance that we were at first disposed to believe that we were 
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dealing with different compounds. The analyses showed, however, 
that this was not the case, and we have come to the conclusion that 
we have here a case of true isomerism or possibly of polymerisir 0 
The melting points were found to be— 

Prismatic crystals. 118—119° 

Ochreous powder. 121—121*5° 

I. 0*1349 gram (prismatic form) gave 0*3832 gram C0 2 and 
0*0583 gram FLO. 

II. 0*1417 gram (ochreous form) gave 0:4052 gram C0 3 and 
0*0604 gram H 2 0. 

III. 0*1191 gram (ochreous form) 0*3408 gram CG 2 and 0*0497 

gram H 2 0. 

IV. 0*1368 gram (prismatic form) gave 9*3 c.c. moist bT at 11*5° 0, 

and 760*3 mm. bar. 

Y. 0*1046 gram (ochreous form) gave 7*3 c.c. moist N at 14° C. 
and 749*4 mm. bar. 



Calculated for 

c lH <"V'C 6 H 5 
^m«b<. 0 .C 7 h 6 0- 

.... 78-41 


Found. 



c . 

I. II. 

77*99 77T9 

III. 

78*04 

IY. 

Y. 

H . 

4-54 

4*83 4*72 

4*65 

— 

— 

N . 

_ 7-95 

— — , 

— 

8*07 

8*09 


In addition to their difference in appearance the two forms differ 
also in other properties. Thus the prismatic.form is soluble in boiling 
alcohol, -while the ochreous form is almost insoluble. These differ¬ 
ences are certainly suggestive of a difference in constitution, and it is 
not improbable that we may have an instance of tautomerism (Laar, 
Ber., 1885, 648) between the forms— 

OO—O, 

CeH 5 

The first of these formulas would be the most probable for the 
prismatic form, which resembles a true azo-compound in its general 
appearance and characters. 

Benzeneazo-^-naphthyl benzoate is easily reduced in alcoholic 
solution by stannous chloride ; the product is a basic substance which 
oxidises rapidly in contact with the air, and we have therefore been 
unable to isolate it. 


c >o F Wo— cSS and CuH6 < 
.0 
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III. Nitration op Axonaphthou-periyativks* ; 

It is well known that both benzcneazo~«-naphtliol and benzencazo-0- 
naphfhol are decomposed by nitric acid with the formation of dinitro- 
a-naphthol and dinitro-/:?-naplitlnol respectively. In view of this 
circumstance, it appeared to us likely that additional light wonld be 
thrown on the constitution of these azo-compounds by studying the 
action of nitric acid upon their alkyl- and alkoyl-derivatives. 


Nitration of Benzeneazo -/3 -naphthyl 33thy late. 

The oily ethyl-derivative of benzeneazo-y8-naphthol dissolves in 
strong nitric acid (sp. gr. 1'42) in the cold, with the formation of a 
deep crimson solution. This solution no doubt contains the nitrate 
of the azo-compound, since Liebermann has already shown that 
benzeneazo-^-naphthol possesses distinctly basic properties ( Ber n 1883, 
2*^60). On allowing* the solution to stand for about an hour in the 
cold, or immediately on warming, the red colour disappears, nitrogen 
is given off:, and. the solution on cooling solidifies to a crystalline pulp. 
The crystalline mass poured on to ice, collected, washed with water, 
and crystallised two or three times from alcohol, furnished a product 
consisting of long, stew-coloured needles melting at 135—139°. The 
melting point was not changed by further crystallisation, and the 
.substance was identified as the ethyl-derivative of dinitro-jS-naphthol, 
the melting point of which is generally given as 138° (Graebe and 
Drew, Ber., 1884, 1172). 

0T176 gram gave 10‘8 c.c. moist NT at 18° C. and 758 mm. bar. 

Calculated for 

Ci 0 H 6 (Na) 2 -O*ChH s . Found. 

3ST.... 10*68 10*57 

This decomposition of benzeneazo-/3-naphibyl ethylate by nitric 
acid furnishes direct proof that the ethyl is attached to the oxygen, 
and not to the nitrogen-atom. 

Nitration of Benzeneazo-x-napMhyl Ethylate. 

Benzeneazo-a-naphthol was ethylated in alcoholic solution with the 
theoretical quantities of potassium hydroxide and ethyl iodide. The 
■, ethyl-derivative after crystallisation from alcohol formed orange- 
brown needles melting at 98-—100°, as described by Zincke and 
Bindewald (Ber., 1884, 3028). On adding this ethyl-derivative to 
cold nitric acid (1*42 sp. gr.), the substance immediately liquefies to 
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an intensely coloured violet oil. The solution was warmed for a short 
time in the water-bath, then cooled and poured on to ice, when an 
ochreous, resinous substance separated. This was collected, washed? 
and crystallised from dilute alcohol till the melting point was con¬ 
stant. The substance thus obtained consisted of yellowish needles 
fusing at 91—92°, and was identified as the ethyl-derivative of 
diuitro-ai-naphthol, the melting point of which is generally stated to 
be 88°. 

0*0655 gram gave 6*1 c.c. moist K at 18° 0. and 760 xnm„ bar. 

Calculated for 

C 10 14(AO,) 2 -0-CoH 5 . Found. 

N.. 10*68 10*75 

The two benzeneazonaphthol ethylates thus decompose in a per¬ 
fectly analogous manner under the influence of nitric acid. 

The action of nitric acid upon the derivatives of the azonaphthols 
containing acid radicles has not been studied in any detail, because 
the product^ do not appear to be so definite as those obtained by 
nitrating the alkyl-derivatives. Beiizeneazo-a-naphthyl acetate dis¬ 
solved in cold nitric acid (sp. gr. 1*42), and allowed to stand for a 
day, gave on pouring into water, an oehreons resin which, after three 
crystallisations from glacial acetic acid, furnished a small quantity of 
a yellowish, crystalline compound melting with decomposition at 
163—165°. This substance is the acetyl-derivative of tetranitro-a- 
rmphtbol, as it furnishes this last compound (m. p. 180°, Merz and 
Weith, Ber 1882, 2715) by hydrolysis. Benzeneazo-/?-naphtha L 
acetate dissolves in cold nitric acid with a magenta-red colour which 
gradually changes into orange, and on pouring the solution into 
water, an orange precipitate is thrown down which appears to be a 
nitre-derivative, or a mixture of nitro-derivatives of the azo-com¬ 
pound. The substance has a melting point above 250°, and is so 
insoluble in most solvents that we have not obtained it sufficiently 
pure for,analysis. , 

Finsbury Technical College,, 

July, 1889. 


2 ur 2 
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LIX .—The Synthesis of Heterogeneous Mixed AlhjIdiazoamido-com¬ 
pounds. Preliminary Notice. 

By Raphael Meldola, F.R.S, 

In a paper recently published by tbe author and -F. W. Streatfeild 
(this vol., p. 412) it was stated that evidence had been obtained that 
the mixed diazoamides of the general form X*N 3 H*Y had double the 
molecular weight usually assigned to these compounds. The com¬ 
plete justification of this statement will necessitate a lengthy investi¬ 
gation, and as the work cannot he resumed for some time to come, I 
propose to give a brief preliminary account of the experimental 
results thus far obtained. Expressing these results in general terms, 
it has been found that two isomeric alkyldiazoamides of the forms 
X*,NYNR'*Y and Y*XrNR'*X, when boiled together in alcoholic solu¬ 
tion in equimolecular proportions, combine with the formation of a 
product which is identical with that obtained by first preparing the 
mixed diazoamicle X'N 3 H*Y, and then alkylating the latter. From 
this it follows that the mixed cliazoamides and their alky 1-derivatives 
are formed by the coalescence of two single molecules, and their 
formulae are accordingly— 

XdST—X—NH*Y X*N-~X—NR'-Y* 

Y-X—N—NH-X and Y-N—X— NR'-X 

It appears from this that the compounds produced by the action of 
diazotised amines on alkylamines contain the grouping 

-NzH a*—. 

Since the alkyl-derivatives of the normal compounds can also be 
formed in the same way, £.<?., by the action of XdsT/Cl on X*.NH*R/, it 
follows that the normal compounds also consist of single molecules. 
The triple isomerism shown to exist in the paper above referred to 
may therefore be explained by the formulae— 

■xr.-vr_"XT_-\rp\y 

x-w-Y y.^Ub'.x 

i. ii. in. 

* These formulas indicate the existence of “ position ” isomerides dependent oh 
relative position in the ring of nitrogen -atoms. Evidence has already been obtained 
that such komerides are present in the mixed diazo-amides and their, alkyl-deriva¬ 
tives,.and- willbe submitted in a-later communication. 
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The diazoamides themselves are accordingly referable to the types- 


X*X 2 *XK*X and 

Normal. 


X*X—X—XH*Y 
Y-X-X— NR-X 
Mixed. 


Since the compounds X’X.pXR'Y' and Y-X 2 *XR' # X combine by 
simply boiling their solutions together, whilst XXVXR'^X and 
YXVXR'*Y cannot be combined, it seemed a legitimate inference 
that the grouping —XmX—XH— or —XmX—XR'— is stable 
when the attached radicles are similar and unstable when they are 
dissimilar, and it appeared highly probable that any pair of alkyl- 
diazoamides might be combined in a similar maimer to the isomeric 
pairs above formulated. This inference has been completely verified 
by some preliminary experiments, and the field has thus been opened 
for the synthesis of what I propose to call heterogeneous mixed diazo¬ 
amides containing totally different aromatic and fatty radicles. The 
general formula of such compounds would be— 

A-X—X—XR'-B 
X-N—X—NR'-Y * 


As a type of this class of t diazoamides, the following compound has 
been prepared:—Diazotised metanitraniline combined with methyl- 
parafcoliiidine gives the compound 

(to) X0 2 * C 6 HVN./N ( CH 3 ) • OtjHi* CH 3 (j?). 

On boiling equimolecular proportions of this and the compound pro¬ 
duced by the action of diazotised parabromaniline on mefhyipara- 
bromaniline, a product is obtained which when pure melts at about 
81—82°, The formula of this heterogeneous diazoaniide is— 

(to) X 0 2 * C 6 HrX—X—X ( C H 3 ) - C 6 H 4 * CH 2 ( p) 

( p)Rr * C 6 HpX—X—X ( CH 3 ) * C 0 Hp 0 H 3 ( p) * 

The details of the synthesis will be given in a subsequent commu¬ 
nication. The compound behaves in every respect like an ordinary 
mixed diazoamide, being decomposed by cold hydrochloric acid into 
the usual mixture of diazo-chlorxdes and alkylamines— 

(m)X Q 2 *0 G HpX—X—X (CH 3 ) <yi4‘C H 3 (jp) 

( jp) Rr* C 6 H 4 *X—X—-X ( CH S ) * 0 6 Hp CH 3 ($>) + 

= (m)XOo*C 6 H 4 *X 2 *Cl + 
(p)BrC 6 H 4 *X 2 '01 + 2 (j?)C ? H 7 *XH*CH 3 . 

This synthesis and others of a similar character which I have 
recently effected leave no doubt that the mixed diazoamides have 
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double the molecular weight usually assigned to them, and tlx 
isomerism of the alkyl-derivatives made known in former papers, as 
well as the other properties of these compounds, is thus, for the first 
time, rendered intelligible. 

Finsbury Technical Gallege, 

July , 1889. 


LX,— Benzoplienylhydrazme , 

By S. Bubemann, Pk.'D., M.A,, and F. F. Blackman, B.Scp. 

In a recent number of this Journal (this voh, p. 242} one of us 
published an investigation on the action of chloroform and alcoholic 
potash on some hydrazines, and showed how compounds were formed 
which contain a closed ring of four nitrogen and two carbon-atoms. 
In turn, that investigation led to the experiments, the results of 
which form the subject of the present communication. 

Doebner ( Annalen , 210, 267) acted on phthalanil with benzoyl 
chloride in the presence of zinc chloride, and obtained phthalyl- 

PO 

benzoanilide, C 6 H 5 *CO , C 6 H 4 "jS'<(^q^>C 6 H 4 , which by alcoholic pot¬ 
ash is transformed into amidobenzophenone, or benzoaniline, 
OJBvC0*0«H 4 -XH 2 . This base was regarded by its discoverer as a 
para-amidobenzophenone, since he was able to transform it into 
paroxybenzoic acid by converting it into oxybenzophenone, and then 
fusing the latter with potash. Froeklieli (Her., 17, 2676), how¬ 
ever, showed that a benzophenone* derivative could be obtained from, 
pseudocumidine by a method perfectly analogous to Doebner’s. But 
since the constitution of yr-eumidine is expressed by the formula 

1 3 4 . 6 

O e HvC H 3 * CH 3 « C H 3 4 NH>, the benzoyl-group cannot here enter into the 
para-position, this led him to consider the possibility of benzoaniline 
being an ortho-compound. In support of this view he adduces the 
fact that by the action of . melted potash molecular transformations 
take place; and it may be that salicylic acid is the first product 
of the fusion of the oxybenzophenone from benzoaniline, and that 
paroxybenzoic acid results from its subsequent transformation. But 
dhe, experiment# , of ft Geigy and W. Koenigs (Bar., 18, 2700) 
have since proved that Doebner’s view of the constitution of benzo- 
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aniline is correct, and that this base is in reality para-amidobenzo- 
phenone. 

We have prepared this compound according to Doehner’s method, 
in order to convert it into benzophenylhydrazine, with the object of 
characterising the latter and applying the isonitrile reaction to it. 

B evizophenylhydrazine , 

The transformation of benzoaniline into the hydrazine was effected 
by the reduction of the diazo-compound with stannous chloride. For 
this purpose 20 grams of the paramidohenzophenone were mixed 
with 400 grams of hydrochloric acid, and the calculated quantity of 
sodium nitrite (9 grams) dissolved in water, was gradually added to 
the well-cooled mixture; an interval sufficient for the nitrous smell to 
disappear being allowed after each addition. When the diazotisation 
is complete, the solution is filtered and the filtrate poured into a cold 
solution of 90 grams of stannous chloride iu 200 grams of hydro¬ 
chloric acid. The pale yellow precipitate, which immediately 
appears, is collected on a linen filter and dried on porous plates; 
during the drying it gradually becomes orange in colour. To obtain 
this hydrazine hydrochloride in a state of purity, the orange powder 
is treated with hot water and the solution filtered, when a con¬ 
siderable quantity of a yellow, insoluble, organic tin-compound is left 
on the filter. The water used must not be quite at the boiling point, 
or the hydrazine will be slightly decomposed. When concentrated 
hydrochloric acid is added to the warm filtrate, faintly coloured 
needles of the pure hydrazine hydrochloride are deposited, which, after 
drying in a vacuum, gave on analysis numbers corresponding to the 

formula C„H 1 <(^_^h-Nh1 ,H01s ~‘ 


N 

Cl 

The hydrochloride reduces Fehling’s solution, dissolves readily in 
warm water and in alcohol, but is insoluble in hydrochloric acid. 
The hydrazine sulphate may be prepared by the addition of dilute 
sulphuric acid to an ethereal solution of the base, when it separates 
out in white needles, easily soluble in water, but readily decomposed 
by boiling. 

The hydrazine itself can only be prepared satisfactorily by the 
addition of a concentrated solatidn of sodium acetate to the slightly 


Found. 

Calculated for r - K -*-^ 

C 13 H 13 N s OCL 3, II. III. 

11*27 11*68 11*55 — 

. 14*28 — — 13*98 
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warm solution of the hydrochloride, when it crystallises out in yellow 
needles. If the acetate be added to the very hot or boiling solution 
of the hydrochloride, the base is then precipitated in a more or less 
resinous state. The hydrazine is fairly stable at ordinary tempera¬ 
tures, hut at 100° C. it gradually darkens, with slight decomposition. 
It melts at 127°, is very soluble in alcohol, ether, and benzene, but on 
evaporating the solutions it is left behind as a resin. The crystals 
of the hydrazine obtained as above were prepared for analysis by 
washing with water and drying in a vacuum over sulphuric acid. 

The formula C 6 H 4 <^ re< l x, ^ res : — 

Found. 

Theory for ( ---'•-\ 

CisIIjoN-jO, I. II. IIL 


C. 73*58 73*74 — — 

II ....... 5-36 5*72,: — ~~~ 

IST. 13*20 — 13*52 13*23 


Aeetijlbenzoplmylhydradne —Acetic anhydride acts on the hydrazine 
with evolution of heat. The reaction is completed on the water-bath* 
the crystalline product purified by treatment with animal charcoal, 
and reorystallised from hot water. It forms white needles, melting 
at 154—155°, and easily soluble in alcohol; it gave on analysis values 

_QQ.Q jp 

corresponding to the formula C 6 H 4 <^_KH*NH*CO-CH 3 ’ 


Found. 

Theory for f - A -^ 

o„h„na.. i. ii. 

C. 70*87 70*72 — 

H...... 5*51 5*80 — 

JST. 11*02 — 11*14 


Bevtiopheni/hemicarbaHde is formed by adding an aqueous solution 
of potassium cyanate to a solution of the hydrazine hydrochloride. 
The resulting precipitate crystallises from boiling water, in which it 
is difficultly soluble, in slightly coloured crystals, which melt at 
215*5° with decomposition and reduce Fehlfng’s solution. 

Analysis gave numbers corresponding to the formula 

C TT^O)—00-CJI* 

Wo-4<*(4)— 


Found. 



Theory for 

f -- 

-- 


A 

I. 

II. 

c. 

.... 65-88 . 

66-10 

—- 

H. 

,.... 5-10 

5-37 

— 

N....., 

..... 16-47 

— 

16*68 
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Bmzophenyl-plienylsulpJiosemiearbazide .—By adding phenyl mustard 
oil to an ethereal solution of the hydrazine, a sulphosemicarb- 

azide of the formula C 6 H 4 <^_ NH^H^CS-'N'S-CgH- * s °^ )i}a ^ liec ^ 

This, after a short time, separates out in yellow crystals difficultly 
soluble in hot alcohol, from which on cooling they crystallise in 
plates melting at 203° with decomposition. 

They gave on analysis the following results :— 


NT 

S 


Found. 


Calculated for 

( - 1 


Co 0 H r7 N ;j OS. 

I. 

II. 

. 12*10 

12*31 

— 

9*22 

— 

9*47 


_p0*C! ff. 

Benzophenyl-benzaldehyde hydrazine , 0 6 H 4 <^<_NH*N‘CH*C HA 

is obtained by adding to a warm solution of benzophenylhydrazine 
hydrochloride a concentrated solution of sodium acetate and benzalde- 
hyde. Alcohol is subsequently added and the solution allowed to 
stand for some time, when orange crystals separate out; these dis¬ 
solve with difficulty in hot alcohol, and crystalline from it in yellow 
glittering plates which melt at 188°. They gave on analysis— 

Theory for 
C, 0 H ls N 2 O. 

G. 80*00 

H... _ ... 5*33 

Nh.., . 9*33 

/•jq_CO’C TT 

Bemofhemjlacetone hydrazine , C c H 4 <J ^_NH*N’C(CH*') 1 ™ P*' e ~ 

cipitated from a solution of the hydrazine hydrochloride by the addi¬ 
tion of acetone and a concentrated solution of sodium, acetate. The 
precipitate is dissolved in hot dilate alcohol, which, on standing, 
deposits plates melting at 125°, and easily soluble in alcohol and 
acetone. This substance decomposes after being kept for a few days 
at ordinary temperatures. 

A nitrogen determination of this compound dried in a vacuum 
gave— 

Calculated for 

C 16 Hi 6 N 2 0. Bound. 

NT... 11*11 11*09 


Found. 


80*20 — 

5*52 — 

— 9*27 


(l)—COC 6 H 5 

Acetopkenone-benzQphenyIhydrazine, C 6 H 4 -< ^^HrN'C <^^ 3 ’ 


prepared in a way quite analogous to that given above for the acetone 
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compound. It crystallises in bundles of yellow needles which melt 
at 140—141°. Its composition was confirmed by a nitrogen deter¬ 
mination. 

Theow for 

G>iH]gX«0. Found. 

IT. 8-917 9'08 


(1)-CO-C s H 5 
( 4)-nh-n:c <g^ H - 

When pyruvic acid is added to a warm aqueous solution of the 
hydrazine hydrochloride, a lemon-yellow, fioccnlent precipitate of 
this substance is at once thrown down. It is soluble in dilute alcohol 
and crystallises from it in tufts of curved needles which melt at 210° 
with .decomposition. 

The following numbers correspond to the formula C^HiJ^Os:— 


Bemopheny lhydrazine»pyruvic acid , 



Theory. 

I. 

Found. 

II. 

III. 

Ok*. 

... 6S-08 

68-31 

67*75 

__ 

H... 

4-96 

5-90 

5*19 

— 

ls T ... 

... 9-93 

— 

— 

10*14 


This acid is easily soluble in alcohol, in alkalis, and ammonia. The 
barium salt is dissolved by hot water and crystallises from it in 
yellow needles. The silver salt is thrown down as a yellow precipi¬ 
tate on adding silver nitrate to an ammoniacal solution of the acid. 
This salt rapidly decomposes and blackens on warming with water. 

The ethyl salt of this acid is easily formed by heating together on 
a water-bath, for I—2 hours, nine parts of absolute alcohol, one part 
of concentrated sulphuric acid, and one part of the pyruvic acid 
compound in a flask connected with an inverted condenser. The 
ethereal salt is then precipitated by the addition of water, washed 
with dilute ammonia to remove any unaltered pyruvic acid compound, 
and recrystallised from alcohol. The yellow needles thus obtained 
melt at 145° without decomposition. On analysis they gave numbers 

(1)—coc 6 h 5 

corresponding to the formula C 6 H 4 <^ / t x, v' W A T .p^CH 8 . . 

Theory for 

c 18 h 18 k 2 o 3 . 

O'.... 69*68 

' . H. 5*80" 

IS ... 9*03 


Found. 


I. 

69*73 
’ 6*08 


II. 


9*29 
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Benzoindolecarboxylic acid , G 6 H 5 *CO*C 6 H 3 <^|j^C*COOH, is pre¬ 
pared by beating tlie finely powdered ethereal salt of benzophenyl- 
hydrazine-pyruvic acid with an equal weight of freshly fused zinc 
chloride at a temperature of 220° in an oil-bath. The mixture melts, 
darkens, and froths briskly after two or three minutes, at the end of 
which time the reaction is complete. When cool, the resulting brown 
mass is powdered and warmed with very dilute hydrochloric acid to 
remove the zinc chloride. The dark-coloured substance that remains 
is, with the exception of a little resin, all dissolved by repeated extrac¬ 
tion with ether. The ethereal solution is then shaken with dilute 
soda, from which, on subsequent addition of hydrochloric acid, the 
indolecarboxylic acid is thrown down as a yellow precipitate. To 
purify this, it is dissolved in ammonia, and the solution boiled with 
animal charcoal; on addition of hydrochloric acid, it yields a less 
coloured precipitate -which readily dissolves in alcohol and crystallises 
ont in yellowish needles. The acid may be obtained perfectly white, 
though with a considerable loss of material, by boiling its alcoholic 
solution with animal charcoal, filtering and concentrating the filtrate. 
The pure acid melts at 284—285° with decomposition. 

The formula CwHu.’NOs requires— 

Theory. Found. 


C... 72-45 72-23 

H. 4*15 4-34 


This acid is only slightly soluble in boiling water, hut dissolves 
readily in alcohol and in ammonia. The addition of silver nitrate to 
the latter solution throws down the silver salt as a yellowish, 
fioccalent precipitate. When heated at a temperature between 
280-—29Q°, it gives ofi: carbonic acid and is transformed into henzo- 
imlole. The latter was obtained in the 4 form of nearly white needles 
melting at 144—145°, by dissolving the melted product in alcohol 
and decolorising the alcoholic solution by animal charcoal. When 
dissolved in alcohol, it colours pine shavings moistened with hydro¬ 
chloric acid, violet, and when acidulated with hydrochloric acid, it is 
coloured red by potassium nitrite. 

We intend to pursue the investigation of this compound. 

A small quantity of the ethyl salt of the benzoindolecarboxylic 
acid is contained in the ethereal solution of the product of the zinc 
chloride condensation, and may be obtained as a yellow residue by 
evaporating the ether after the free acid has been removed by 
agitation with sodium hydroxide solution; This residue, dissolved in 
alcohol, boiled with animal charcoal, and then concentrated, yields 
vol„ lv. ; 2 x , 
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slender needles which melt at 160—161°. The quantity obtained 
was, however, too small to admit of verification by analysis. 


Action of Chloroform and Alcoholic Potash on BenzophenyIhydrazine. 

It was expected that chloroform and alcoholic potash would act on 
this hydrazine in a maimer analogous to that of their action on 
phenylhydrazine and its homologues, leading to the formation of a 
telrazine, as has been shown before ( loc . cit.) and as will be further 
seen from a communication shortly to be made to the Society. But 
the desired compound could not be obtained. "When an alcoholic 
solution of the hydrazine is treated with these agents, it becomes first 
green and then deep-red in colour. The ethereal extract of the latter, 
when shaken with dilute sulphuric acid and then evaporated, yields a 
red resin from which boiling water extracts a small quantity of a crys¬ 
talline compound, probably formyl be nzoplienylhydrazine, which is 
easily decomposed when boiled with water; the,same compound 
appeared also to be formed by heating the hydrazine with formamide 
at 140° till ammonia ceased to be evolved, but owing to its easy decom¬ 
position it could not be recrystallised. All attempts to obtain a 
crystalline substance from the red resin left after extraction with 
water entirely failed. 

University Laboratory , 

Cambridge. 


LXL— Further Study of the Thiocarbimides, 

Bv, Augustus E, Dixon, M.D., Assistant Lecturer in Chemistry, 
Trinity College, University of Dublin. 

In a recent communication (Trans., 1880, 300), I described a number 
of' substances obtained by the combination of certain thiocarbimides 
with primary and secondary amines, and with phenylhydrazine. I 
lope shortly to describe a further investigation of the hydrazine 
class of compounds ; meanwhile, in the present paper an account will 
be found—(a) of a number of disubstituted tbiocarbamides, hitherto 
wanting ; (h) of the combinations of certain thiocarbimides with 
.piperidine' and (c) of the relations between the thiocarbimides and 
■ hMakline. ■■ ; ; 
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1. MethyUhiocarbimide and Benzylamine — Methylbenzylthiocarbamide. 

Pare benzylamine, dissolved in alcohol, was added to a warm 
alcoholic solution containing an equimolecular proportion of methyl - 
thiocarbimide. Heat was evolved, and the pungent smell of the 
thioearbimide disappeared. After several days’ exposure to the air, 
the mixture assumed the consistence of a thin syrup, from which 
aggregations of crystalline matter slowly separated. The latter were 
freed as far as possible from the syrupy mother-liquor by filtration 
under pressure, and then recrystallised twice from benzene. The sub¬ 
stance is very freely soluble in this liquid wffien hot; but though it 
is somewhat sparingly so in the cold, the crystallisation is rather 
tedious, the solution remaining supersaturated for a considerable 
time. When pnrified as described, it forms agglomerated masses of 
dense, white, octahedral crystals, which melt between 74° and 74*5°. 

A sulphur determination, made by evaporating the substance to 
dryness with sodium hydroxide, in a nickel crucible, and fusing the 
residue with potassium-nitrate, afforded 14*41 per cent, of sulphur; 
theory for would require 17*79 per cent. This low result 

was rather unexpected, as the process just indicated gives with 
suitable compounds very satisfactory results. It was found, how¬ 
ever, on further investigation, that this particular compound is 
difficult of attack by alkalis, even when the latter are concentrated; 
the loss was therefore due, presumably, to the decomposition at a high 
temperature of a little unattacked thiocarbamide with evolution of 
volatile sulphuretted products. This difficulty was easily met by 
operating as follows:— 

0*2034 gram was oxidised with fuming nitric acid on the water-bath; 
the oxidation-product evaporated to dryness, introduced into a 
nickel crucible, and again evaporated to dryness with sodium 
hydroxide. The residue, fused with potassium nitrate, gave 
O’2604 gram BaS0 4 , 

Or, S = 17*60 per cent. 

Calculated for C 9 H 12 ]S 2 S, 3 = 17*79 

The action is thus represented:— 

ch 3 -ncs + c 6 h 5 -ch 2 -nh 2 = CS<^JJ2“c 6Hs - 

Methylbenzylthiocarbamide, when heated with water, melts to 
somewhat dark-coloured droplets, which jnst sink in the liquid. 
These dissolve to a slight extent, and the clear solution, on cooling, 
becomes milky from the separation of a cloud of minute oiiy globules, 
which, after a time, solidify to octahedral crystals. It is extremely 

2x2 ' 
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soluble in alcohol; moderately so in ether; its solubility in benzene 
has already been mentioned. 

Ammonlacal silver nitrate, added to either the aqueous or alcoholic 
solution, gives an immediate black precipitate; but it is curious to 
note that, just as in the case of the homologous ethylbenzylthio- 
carbamide (described in the communication before referred to), the 
solution, either in water or alcohol, is not desulphurised, even by 
prolonged boiling with alkaline lead tartrate. This resistance to 
desulphurisation is remarkable, and recalls Lellmann’s observation 
(Annalen, 221, 8; 228, 248) that boiling with alkaline lead solu¬ 
tion fails to remove sulphur from the thiocarhamide-derivatives of 

1STH 

the orthodiamines, e.g., OS<^g>C 6 H 4 . 

I am Inclined to consider that the difficulty In withdrawing the 
sulphur under the conditions named, is due in some way to the fatty 
nature of both radicles. The data necessary to warrant a general 
conclusion are, for the most part, only obtainable by direct experiment, 
hut those hitherto obtained seem to point to the view that, in a 
symmetrical disubstifated thiocarbamide, desulphurisation by lead 
hydrate is not effected where both radicles are of a fatty nature. On 
the other hand, if either, or both, of the radicles he non-fatty, desul¬ 
phurisation Is easy. Thus, diethylthiocarhamide, in either aqueous or 
alcoholic solution, is unaffected by boiling with lead hydrate (Hof¬ 
mann, Ber2 , 601). I have also ascertained by direct experiment, 
that dihenzylthiocarbamide in alcoholic solution is not sensibly 
desulphurised by boiling with alkaline lead solution. (It is desul¬ 
phurised instantly, and in the cold, by ammoniacal silver nitrate.) 
Again, as already recorded (Dixon, loc. cit) , ethylbenzylthiocarbamide 
does not yield its sulphur to alkaline lead tartrate, even at the boiling 
temperature. 

But on the substitution of either or both fatty groups by non-fatty 
groups, this resistance to desulphurisation seems to be removed. Thus, 
I have found efhylphenyl-, ethylorthotolvl-, and (loc. cit 302) benzyl- 
phenyl-thiocarhamides all easily desulphurisable; and the same holds 
good (Hinterberger, Annal&n, 83, 346) for ethyially 1 thiocarbamide. 
Further, diphenyl-, diorthotolyl-, and (Bizio, Jahr., 1861, 49?) 
allylphenyl-thiocarhamides all readily give up their sulphur, under 
the conditions named, as does also (Zinin, Annalen , 84, 346) allyl- 
^-naphthy Ithi oearbamide. 

% MeihyIthiomrbimide and ParadoImdine^MetKylpamtolylthio* 

carbamide . 

This substance—metamerie with the preceding—was obtained by 
. m'iimg'equimolecmiar 1 proportions of methylthiocarbimi&e and para-'' 



DIXON: FURTHER STUDY OF THE THIOOARBIMIDES. 621 

toluldine, each dissolved in warm, concentrated alcohol. After some 
time tufts of prismatic crystals began to crystallise out; when 
nothing further appeared to separate, these were drained off, washed, 
and recrystallised from boiling alcohol. As thus obtained, the sub¬ 
stance forms beautiful vitreous prisms, melting at 125 — 126° without 
decomposition. 

Sulphur was estimated, with the following result:— 

0*2070 gram, evaporated to dryness with sodium hydroxide and 
fused with potassium nitrate, gave 0*2610 gram BaSCh, 

Or, S = 17*81 per cent. 

Calculated for C 0 H 12 ]N 2 S, S = 17*79 „ 

The action is thus formulated:— 

OHa-NCS + CHa-CeMHs = CS<^.c s hVcH 3 - 

The yield amounted to nearly 70 per cent, of the theoretical. 

Methylparatolylthiocarbamide is slightly soluble in boiling water, 
almost insoluble in cold. It is moderately soluble in hot alcohol, 
and freely soluble in ether. Silver nitrate throws down a white 
precipitate, which soon blackens; the solution is also immediately 
desulphurised by boiling with alkaline lead tartrate (cf. methyL- 
benzylthiocarbamide). 

3. MethyUJiioearbimide mid Orthotoluidine — MethylorthotolyUhio- 

carbamide . 

This substance—metameric with the two preceding compounds— 
was prepared by mixing the theoretic quantities of base and thio- 
carbimide in concentrated alcoholic solution. No sensible heat was 
evolved, but after a couple of days the mixture had solidified to a 
pasty mass; this was recrystallised three times from alcohol, after 
which the substance separated in pearly-white, flattened, rhombic 
crystals. The latter melt, without decomposition, betweeen 152° and 
153°, that is to say, .26° higher than the corresponding para-compound. 
When broken up, the dry substance forms a lustrous, flour-like, white 
powder, which, on friction, becomes strongly electrical, the particles 
flying about in all directions. 

The formula was verified by a sulphur determination:— 

0*1808 gram, fused with sodium hydroxide and potassium nitrate, 
afforded 0‘2325 gram BaSO*, , 

Or, S = 17*67 per cent. 

Calculated for S = 17-!79 
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The action is formulated as in the preceding case. 

The substance is somewhat soluble in boiling water, easily soluble 
in hot alcohol, moderately in the cold. Ammoniacal silver nitrate- 
added to a cold solution, immediately precipitates silver sulphide, and 
the solution is also tolerably readily desulphurised by boiling with 
alkaline lead tartrate. 

4. A III]Ithiocarbimide and 0rthotoluidine—Alhjlorihofoly Ithiocarbamide . 

Equi molecular pi'oportions of allylthiocarbimide and orthotoluidine 
■were mixed—each in concentrated alcoholic solution. Fo sensible 
evolution of heat was observed, but after some days tufts of line 
needles began to appear, increasing in quantity until at last the 
contents of the vessel formed a solid cake. This w T as removed, 
pressed, and recrystallised three times from dilute spirit. The re- 
crystallisation is somewhat tedious, the solutions having a tendency 
to remain supersaturated. Thus purified, the substance forms tufts 
of small white, prisms, molting between 75° and 76°. 

A sulphur determination afforded the following result :—~ 

02806 gram, treated with NaOH and KN0 3 , yielded 0*2317 gram 
BaSCh, 

Or, S = 15’27 per cent. 
Calculated for CS<^^, S = 15-54 

Allylorthotolylthiocarbamide, when heated with wafer, melts to 
oily globules, which sink in the liquid. These dissolve to a slight 
extent, separating again for the most part as the solution cools, 
in finely-divided droplets, which give the liquid a milky appearance; 
after a time these droplets solidify to microscopic tufts of pointed 
prisms. The substance dissolves freely in alcohol and ether, and is 
soluble also in benzene and in light petroleum. Ammoniacal silver 
nitrate produces an immediate black precipitate in the cold; the 
sulphur is also readily removed by warming with alkaline lead solu¬ 
tion, with production of a brilliant speculum of galena. 

o. Benzoylfkiocarbim ide and Orthotoluidine — Orthotolylbenzoylthio- 

carbamide . 

Orthotoluidine was dissolved in alcohol, the vessel cooled by im¬ 
mersion in water, and to tbe solution a quantity of benzoyl thio- 
earhimide was gradually added in accordance with the equation— 

C<,H s 'CONCS + CH a -C 6 H 4 -NtL = CS< . 
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The substances combined vigorously, and tufts of white prisms 
began at once to separate; in a few minutes the contents of the 
vessel had set to a solid yellow mass. The latter, on draining and 
washing with cold alcohol, became almost white. On recrystallisa¬ 
tion from boiling alcohol, benzoylorthotolylthiocarbamide was obtained 
in long, well-formed, transparent prisms possessing a faint yellow 
tinge, and melting between 118° and 119°. 

Determination of sulphur :— 

0*1983 gram, treated with bTaOH and KlNTOs, afforded 0*1775 gram 
BaS0 4 , 

Or, S = 12*30 per cent. 

Calculated for C 15 H l4 F 2 SO, S = 11*86 

The substance is insoluble in cold water, moderately soluble in cold 
alcohol, easily in hot. The solution is blackened immediately on 
addition of silver nitrate, and is readily desulphurised by boiling with 
alkaline lead tartrate. Mercuric chloride, added to the alcoholic 
solution, gives a white, curdy precipitate. 

6. BenzoyUhiocarbimide and Piperidine —P iperidyIhenzoyUhiocarb - 

amide. 

Gebhardt (Per., 17, 3039) has described compounds of piperidine 
with methyl and some aromatic thiocarbimides. In order to ascer¬ 
tain whether the acid thiocarbimide* would afford an analogous 
result, the following experiment was made :— 

To 1 mol. prop, piperidine, mixed with anhydrous benzene, was 
added a benzene solution containing 1 mol. prop, of benzoylthiocarb- 
imide. The substances combined energetically, the heat evolved 
being sufficient to boil iff a portion of the benzene, and the pungent 
bitter almond-like smell of the thioearbimide vanished. 

The mixture was now exposed freely to the air, in order to allow the 
residual benzene to evaporate. At the end of a fortnight, there was 
no sign of crystallisation, the syrupy liquid was therefore placed 
under the air-pump receiver, where, in a couple of days, it solidified. 
The solid product, recrystallised twice from spirit, formed fine, 
silvery-white needles melting at 122—123° to a golden-yellow liquid. 

Analytical data:— 

* It is curious to note that benzoylthiocarbimide — obtained by Miquel (A tm. 
CMm . Phys. [5], 11, 300) by the action of benzoyl chloride upon lead thiocyanate — 
is always referred to as “ benzoylthioeyanate.” It is an undoubted thioearbimide, 
though differing in some respects (as I hope to show in a future communication) 
from the alkyl thiocarbimides. '' 
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0*2060 gram, "burnt with OuO and copper gauze in front, gave 
19*6 c.c. nitrogen at 12° and 763 mm,, 

Or, NT = 11*34 per cent. 

0*2075 gram, treated with JNaOH and K1N0 3 afforded 0*2040 gram 
BaS0 4 , 

Or, S = 13*51 per cent. 

Calculated for 

C 13 H 16 N 2 SO. Experiment. 


N . 11*29 11*34 

S............ 12*92 13*51 


The following equation represents the action:— 

c 6 h 5 -concs + cjewra = cs<||,'^' C6H5 . 

Benzoylpiperidylthiocarbamide is insoluble in water, soluble in 
alcohol and ether, and freely soluble in benzene. The alcoholic 
solution gives, with ammoniacal silver nitrate, a white, curdy preci¬ 
pitate, partially soluble on heating. With alcoholic mercuric chlo¬ 
ride, a white precipitate is thrown down; and with ferric chloride a 
deep, reddish-brown colour is produced. The alcoholic solution is not 
desulphurised by boiling with alkaline lead tartrate. 

Several attempts were made to obtain from acetylthiocarbimide and 
piperidine an analogous acetylated piperidylthiocarbamide. The 
substances combine energetically, but no definite compound could be 
isolated, though the conditions were varied in several ways. It may 
be noted here that acetylthioearbimide, like the corresponding 
benzoyl-compound, is commonly referred to as a thiocyanate; in fact, 
Miguel, the discoverer (loc. cit) explicitly denies it admission to the 
class of thiocarbimides. But, in some easels; it certainly acts as a 
true “mustard oil; ” thus it forms disubstituted thiocarbamides with 
aniline, the toluidines, and a-naphthylamine; and, as I recently 
showed (Trans., 1889, 303), it also behaves as a thiocarbimide 
towards phenyl hydrazine. 

7. Bthylihiocarbimide and Piperidine — Pthylpiyendyliliiocarbamide. 

Alcoholic solutions of ethylthiocarbimide and piperidine were 
mixed in quantities required by the equation— 

: c 2 h 5 -ncs + c 5 h 10 :nh = CS<™'^ 5 . 

Heat 1 "Was devolved,, and the combination was completed by warming, 
onife© Waterwhath until the mixture ceased to smell of, the thiocarb- : 
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imide. On evaporation of the alcohol, a brown, oily liquid was left, 
which, in about 10 days, solidified to a radiating, crystalline mass 
melting between 44° and 46*5°. The purification of the substance 
presented great difficulty; it is extremely soluble in alcohol, ether, 
acetone, chloroform, amyl alcohol, ethyl acetate, benzene, and carbon 
bisulphide. It is sparingly soluble in water, from winch, however, if 
separates as an oily liquid which is still impure. 

On adding platinic chloride to the alcoholic solution, an orange- 
brown platinum compound separated as an amorphous powder, 
which was washed well with spirit, and dried over sulphuric 
acid. A quantity of this powder was suspended in water through 
which a current of sulphuretted hydrogen was passed, but this treat¬ 
ment failed to separate the platinum, even when the solution was 
heated to the boiling point. 

The crude substance was now finely ground, washed well with 
light petroleum, in which it is insoluble, and dried over sulphuric 
acid for analysis. 

0*2084 gram, burnt with CuO and copper gauze in front, gave 
28*5 c.c. nitrogen at 19° and 767 mm., 

Or, JY = 15*97 per cent. 

0*1769 gram, treated with HbTG 3 ,* ISTaOH, and K1NG 3 , gave 0*2411 
gram BaS0 4 , 

Or, S = 18*73 per cent. 


Calculated for 

C 8 H 16 N 2 S. Experiment. 

K. 16*31 15*97 

8 .. 18*61 18*73 


The analytical result is not very satisfactory as regards the 
nitrogen, but there can he no doubt that the brown, radiating, 
crystalline mass, referred to above, consists essentially of ethyl- 
piperidylthiocarbamide. 

Ammoniacal silver nitrate produces a yellow precipitate, which 
blackens slowly on standing, or instantly on beating. Like the 
preceding compound—benzoyl piperidylthiocarbamide—it is very 
stable towards alkaline solution of lead, which fails to remove the 
sulphur even on boiling. This resistance to desulphurisatioxq I 
have observed, is also shared by phenyIpiperidylthiocaxbamide,+ 

* Vide ante ; an estimation in which the treatment with nitric acid was omitted, 
yielded only 11*9 per cent, of the sulphur. 

f This compound was first obtained by G-ebhardt (Ber., 17, ,8080). A short 
account of it was subsequently published by Skinner and Ruhemann (Trans., 188b, 
558), who appear to have been unaware of C-ebhardt’s discovery, 
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which gives up its sulphur to alkaline lead tartrate only on prolonged 
boiling. The substance dissolves with decomposition in concentrated 
nitric acid, with production of a dark green colour. Concentrated 
sulphuric acid also dissolves it on gentle warming; the solution in 
this case is colourless. 

Thiocarbiniides and Thialdine . 

The formula commonly ascribed to thialdine, 

assumes it to be an imidic compound, as Grebhardt (he. cit.) has 
shown that various imidic substances—for example, methyl aniline, 
ethylaniline, piperidine, and conine—can combine with the thiocarb- 
imides to form substituted thiocarbamides, I considered that it would 
be interesting to ascertain whether, under similar conditions, the com¬ 
plex thialdine residue could be introduced. The results of MarckwahTs 
experiments with thialdine thiocyanate* rendered it improbable, how¬ 
ever,'that this would he the case. 

A. OrthotohjliJiiocarhimide and Thialdine. 

These substances, in alcoholic solution, were mixed in the propor¬ 
tions demanded by the equation— 

om-xes + c 6 h 12 s 2 :nh = 

No sensible rise of temperature occurred, but on slowly evaporating 
the alcohol, tufts of needles formed in a brown, smeary, evil-smelling 
liquid. The former, purified by recrystallisation from alcohol, formed 
thin, white needles melting at 157°. A sulphur determination 
yielded 12*87 per cent, of S; the compound formulated above 
(tolylthialdylthiocarbamide) would require 30*7 per cent. The 
product is, in fact, diorthotolylbhiocarbamide:— * 

Calculated for 

OS(NH*C 7 H 7 )* Experiment;. 

'S. 12*51 12*87 

, M. p. of CS(NH.To) s = 156 or 158° (Ber„ 4, 985; 12, 1854; 
2301). Found, 157°. 

The experiment was now repeated, using thioearbanile. 

# Marckw&ld (Ber. y 19, 1826} found, that on boiling thialdine thiocyanate with 
water, no thiocarbamide was produced; but the .substance decomposed into thio- 
, aldehyde, y-tnfchioaldehyde, and a compound of the formula GsEHNS* : 1 1 ; ' ; 
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B. Ph eny Uhiocarbimide and Thmldir.e . 

Molecular proportions of tliese substances ‘were mixed under the 
same conditions as in the previous case. As the alcohol evapo¬ 
rated at the ordinary temperature, leafy crystals separated, the 
liquid becoming smeary, and at the same time acquiring a penetrating 
and very disgusting smell. The solid product, recrystallised from 
alcohol, formed pearly laminse melting at 152°. These resembled 
thiocarbanilide (m. p. 153°) in all respects, tasting intensely bitter, 
and evolving the characteristic odour of thiocarbanile when boiled 
with concentrated hydrochloric acid. Similar experiments were 
made, using ethyl- and allyl-thiocarbimides; these afforded results 
analogous to those already described. 

The doubling of the thiocarbimide radicle to form a symmetrical 
disubstitution-compound is remarkable, and the more so, since the 
processes were all carried out either at the ordinary temperature of 
the air, or at a temperature very slightly above it. It would be 
interesting to ascertain what becomes of the thialdine residue; in all 
four cases, the bye-product bad the same appearance—a somewhat 
yellowish sticky liquid—and the suggestion naturally offers itself 
that this migiit perhaps consist of a dithialdylthiocarbamide, produced 
according to the equation— 

20,H,-NCS + 2C.H„S,:SH = esc™;™; + cs<£gg;f;. 

The liquid in question has, however, such a persistent and dis¬ 
gusting smell that I did not care to examine it further. 

Chemical Laboratory , 

University of Dublin . 


LXII.— Benzylammonium Succinates and their Derivatives . 

By Emel A. Werner, F.I.C., Assistant in the Chemical Laboratory of 
the University of Dublin. 

In the course of a comparative study of the hoxnologues of oxalic acid, 
to which my work on Chromoxalates (Trans,, 1887, 51, 383, and 
1888, 53, 404) led, I noted incidentally that benzylammonium succi¬ 
nates and their derivatives are practically unknown. Hence, when 
an opportunity lately presented itself, I prepared a number of these 
compounds, which are described below 
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1. Normal Benzylammonium Succinate. 

Di-benzylammonium succinate, prepared by the neutralisation of 
a cold saturated aqueous solution of succinic acid by pure benzyl- 
amine, is soluble in all proportions in water, and by the gradual 
evaporation of the solution a thick syrup is left, which, on standing 
over oil of vitriol, ultimately solidifies to a confused semi-crystalline 
mass. The salt is also freely soluble in strong alcohol, from which it 
is precipitated by ether as a thick syrup. 

However, by very slow evaporation of its alcoholic solution, it was 
obtained in the form of thin plates, having a greasy lustre, and 
unctuous to the touch. 

A determination of nitrogen in a specimen thus obtained gave the 
following result:— 

0*3835 gram gave 24*1 c.c. of nitrogen at 20° 0. and 766 mm. or 
N = 8*29 per cent. 

rpr n n TJ ^ COONH 3 ‘C 7 H 7 Q AQ 

Theory for H = P er cent3 * 

The crystals of benzylammonium succinate so formed melt at 
144-—145°, and at a higher temperature decompose into water, sue- 
ci iidibenzylamide and succinbenzylimide. 


2. Benzylammonium Hydrogen Succinate. 

This salt was prepared by the addition of succinic acid (1 moh 
prop.) to the aqueous solution of the normal succinate (1 moh prop,). 

It is easily soluble in water, from which it crystallises readily in 
thick, vitreous, somewdiat elastic, rectangular prisms; by slow 
evaporation of their aqueous solution, the crystals may be easily 
obtained of a considerable size. 

A specimen, after powdering and drying by pressure between 
folds of bibulous paper, gave the following analytical results:— 


0*2354 gram heated at 100—110° to a constant weight lost 
0*0182 gram of H 2 0 = 7*73 per cent 
0*2354 gram gave 11*3 c.c. nitrogen at 20° and 772*5 mm., ox* 
N = 5*55 per cent 


Found. 


Theory for 

W C, ra '«*o. 


H a O... 7*73 per cent 7*40 

1ST.._... 5*55 „ 5*76 


■, ; Benzylammonium' hydrogen succinate crystallises .therefore from. 
: water. :as a ■ monohydrate. The anhydrous 1 salt; melts at 116—117°. ^ 1 , 
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3. Succinbenzylimide, G 2 H 4 <^qq>K*CH 2 “C 6 H 5 . 

TMs compound, which is also produced by the rapid distillation of 
tbe benzylammonium succinates, is best prepared by the action of 
benzyl chloride on a mixture of succinimide and potassium or sodium 
hydroxide dissolved in strong alcohol. The equation representing its 
formation is— 

C 2 H 1 <Cg> NH + 0 6 H 6 -CH 2 C1 + KOH = C 8 H 4 <^>N-CH,-C 6 H 5 

+ H.,0 + KOI. 

On account of secondary actions, resulting in the production of 
small quantities of benzyl alcohol, benzyl ethyl oxide, and potassium 
suecinamate, the yield of the succinbenzylimide never rises above 
60 per cent, of the theoretical. 

Succinbenzylimide crystallises from alcohol by spontaneous evapora¬ 
tion in large, brilliant, flat, six-sided prisms, which melt at 98—99°. 

The following analytical data were obtained from a specimen 
twice crystallised from alcohol:— 

0*4426 gram gave 28*2 c.c. nitrogen at 16° and 767*5 mm. or 
N = 7*45 per cent. 

0*252 gram burnt with lead chromate gave 0*6446 gram C0 2 and 
0*1356 gram H 2 0. 


Theory for C 11 H 11 1N'0 2 . Found. 

C...,. 69*84 per cent. 69*77 

H. 5*82 „ 5*98 

hr.. 7*40 „ 7*45 

0. 16*94 „ (bydiff.) 16*80 


For the preparation of this compound and isolation of the 
secondary products, the following method of working gave the best 
results:— 1 

To 50 grams of succinimide and 28 grams of potassium hydroxide, 
both dissolved in about 300 c.c. of strong alcohol, 63 grams of benzyl 
chloride was added, and the mixture digested on the water-bath with 
reversed condenser, until potassium chloride ceased to separate ; 
for the above quantities, from four to six hours’ digestion proved 
sufficient,* As the liquid cooled, the new compound separated in 
beautiful crystals embedded in the potassium chloride: the super- 

* By using a large rounded conical flask, and maintaining the water outside con¬ 
siderably above the level of the liquid within, the boiling may be Carried on without 
interruption. ■ ■; , ' , 
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n at ant liquid was poured oft, and the mixture of chloride and crystals 
thrown on the filter-pump and washed with alcohol. 

From the crystals, the chloride was readily removed by shaking 
with water. Only one other crop of crystals can generally be obtained 
by distillation of the mother-liquor, for on concentration the sueciii- 
henzylimide ceases to separate in the crystalline form ; if the solution 
be now distilled as far as possible on the water-bath, and the residue 
shaken up with water, an oil is precipitated and separated; the 
aqueous solution is shaken up with ether, and the latter is added to 
the oil; from this ethereal liquid, a third crop of crystals of the 
succinbenzylimide separates on standing. The aqueous extract of 
the oil contains any excess of suceinimide with a small quantity of 
potassium suecinamate formed during the reaction. 

The ethereal solution is then distilled until the temperature reaches 
about 220°. The portion collected between 170—210° affords small 
quantities of benzyl alcohol (b. p. 204°) and benzyl ethyl oxide (b. p. 
185 y ). 

The residue, in the retort consists of impure succinbenzylimide, 
which may be obtained either by further distillation or by dissolution 
in chloroform or benzene, and gradual precipitation of the solution 
by light petroleum. 

Succinbenzylimide is a very stable compound, and distils undecom¬ 
posed between 390° and 400k 

It is easily soluble in alcohol, very freely in chloroform and hot 
benzene, moderately soluble in ether, sparingly soluble in cold carbon 
bisulphide, more freely in hot, and insoluble in light petroleum ; it is 
moderately soluble in boiling water, from which it is almost com¬ 
pletely precipitated on cooling in the form of long, thin, iridescent 
plates. 

When boiled for several hours with alcoholic solutions of caustic 
potash and soda, it is completely decomposed into benzylamine and 
succinic acid; it undergoes the same decomposition much more 
readily by heating with fuming hydrochloric acid in a sealed tube at 
145—150° for one hour; on the other hand, heating with fuming 
hydrochloric acid under the ordinary pressure, does not affect the 
decomposition even after several hours' boiling. 

4. Succinbenzylamic And , ’CH a *C a H 5 

This compound is prepared by boiling the imide (2 mol. props.) 
with an aqueous solution of I mol. prop, of barium hydroxide. 
The reaction, which consists in an assimilation of a single molecule 
of 1 water' by the imide,, is complete after. 5—-10 , minutes 1 ' boiling';,,,on 1 
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adding dilute hydrochloric acid to the product, the new acid is im¬ 
mediately precipitated in thick white flocks, and after, washing on a 
filter is purified by recrystallisation from alcohol, from which it 
readily separates in very fine, large, flat, oblique prisms. These 
melt at 139° when pure. 

A specimen purified by recrystallisation from alcohol and dried at 
100° gave the following analytical results:— 

0*2478 gram gave 13*8 c.c. of nitrogen at 13° and 771 mm. 

0*2635 gram gave 0*6145 gram CO* and 0*156 gram H*0, 

Theory for 

CuH^NOa. Found. 


C. 63*76 per cent. 63*60 

H. 6*28 „ 6*57 

1S T . 6*76 „ 6*64 

O. 28*20 „ 23*19 (by cliff.) 


Succinbenzylamic acid is somewhat soluble in boiling water, almost 
insoluble in the cold, and slightly soluble in boiling benzene, from 
which it separates completely on cooling in microscopic needles; it 
is freely soluble in acetone, almost insoluble in ether and carbon 
bisulphide. 

It is not decomposed by heating with water alone in a sealed tube 
to 200°. 

The silver salt is precipitated, on addition of silver nitrate to an 
aqueous solution of the barium salt; when dried it forms a light, 
crystalline, micaceous powder, possessing a pearly lustre :— 

0*292 gram gave on ignition a residue of silver = 0*1001 gram. 

Theory for 

Found. 0 n H i2 NO 3 Ag, 

Ag..... 34*28 per cent. 34*39 

It is insoluble in water or alcohol. 

The barium salt crystallises from water in rosette-like aggregates of 
small prisms, having a pearly lustre. A specimen dried by pressure 
and air exposure gave :— 

Ba = 25*02 per cent. Theory for (CiiH 12 hr0 3 ) 2 Ba = 24*95 per 
cent. Ba. 

* q . , , ' 7 ■ ., r w ^CO-NH-CH a *CeH 5 

5* oVtCc%vidiO€fizyl(iii}i t Ld>6< i * 

For the preparation of this compound, 10 grams of ethyl succinate 
were heated in alcoholic solution with 12*5 grams of pure benzylamine 
for several hours. The diamide separates from its alcoholic solution, 
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on cooling, in tliin crystalline plates, possessing a very brilliant lustre ; ' 

these melt at 205—206°. The yield is nearly'theoretical. 

The following analytical data were afforded by a well-crystallised 
specimen :— 

02776 gram gave 23 e.e. of nitrogen at 14° and 756*6 mm. 

0*2384 grain gave 0*636 gram C0 3 and 0*1520 gram H 3 0. 


Theory for 

CjsH 2 o^ 2 0 2 . Found. 


0 .. 7 2*97 per cent. 72*75 

H... 6*75 5 , 7*08 

N. 9*45 „ 9*64 

O. 10*83 ,, 10*53 (by diff.). 


Suceindibenzylamide is sparingly, soluble in hot or cold ether, 
sparingly soluble in chloroform, almost insoluble in carbon bisul¬ 
phide, slightly soluble in boiling benzene, insoluble in the cold, and 
insoluble in water. 

It is not decomposed by boiling with aqueous soda. 

Unsuccessful attempts were made to obtain a mercurial or silver 
derivative of this diamide; freshly precipitated mercuric oxide is not 
acted upon by the boiling alcoholic solution of the amide. 

6 . Siiccinmwiobenzylamide , C 2 H 4 <QQ^g 

This amide is formed by the action of ammonia on suecinbenzyl- 
imide, thus:— 

C 5 H J <gg>N-C,H r + NH 3 = 

For this purpose the sucembenzylimide is heated at 100° for 
6—8 hours in a sealed tube with an excess of a strong solution of 
ammonia in alcohol. 

Under these conditions, the yield of the ■ amide never exceeds 
36—34 per cent, of theory, and even when the temperature is 
carried to 200°' and maintained for several hours, the yield is not 
materially increased. 

In order, to. separate the amide, the contents of. the tube are 
evaporated to dryness on the water-bath, and the solid residue ns 
digested with chloroform, which readily dissolves the unaltered inode, 
leaving behind the amide ; the latter is purified by dissolution in boil- 
■ Sag alcohol, from which it 1 separates on cooling in glistening micro- 
heopic' prisms which melt, at 189°. 

specimen,,after drying at 100°, gave the following result■ 
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0*1911 gram gave 22'8 c.c. of nitrogen at 20° and 769 mm. 

Theory for 

c H ^co- fc ra-c 7 H ? 

^^GO-NHo • Found. 

N . 13*59 per cent. 13*61 per cent. 

Succinmo nobenzyl amide, in its behaviour towards solvents, re¬ 
sembles the diamide, from which it is readily distinguished by the 
ease with which it gives off ammonia on boiling with fixed alkali. 

On heating, it first melts, and at a higher temperature parts "with 
ammonia, regenerating the imide. 

The following comparatively easy decomposition of normal benzyl- 
ammonium succinate is worthy of note. 

A small quantity of the syrupy mother-liquor from some di- 
benzylammonium succinate was evaporated in a glass dish on the 
water-bath as far as possible, dried for a couple of hours in a water- 
oven, and placed in a desiccator over oil of vitriol, where it remained 
untouched for about seven weeks. On attempting to redissolve the 
product in *water, it w r as found that a portion representing about 20 
per cent, of the whole refused to dissolve. This was collected, 
washed, and crystallised from hot alcohol, in which it was easily 
soluble. The crystals which separated were easily seen to be a 
mixture of two compounds, and the melting point, 196°, did not 
agree with any compound described in this paper. The crystals 
were directly digested with chloroform, and a rather sharp separation 
was thus effected, the products* so obtained gave the following 
results; — 

I. Product insoluble in chlorofoian; m. p. 205—206°. 

0*1864 gram gave 16 c.c. of nitrogen at 180° C. and 762 mm. 
1ST = 9*88 per cent. 

XL Product soluble in chloroform and left as residue on evapora¬ 
tion ; m. p. 102—103°. 

0*1956 gram gave 13*4 c.c. nitrogen at X7° C. and 760*5 mm., or 
jN = 7*91 per cent. 


Succindibenzylamide. I. Found. 

M. p,205—206° M. p. 205—206°. 

XX........ 9*45 per cent. 9*88 per cent. 

Suceinbenzylimide. II. Found. 

M. p. 99° C. M. p. 102—103°. 

N .. 7*40 per cent. 7*91 per cent. 

* The quantity of material'at my disposal was too small to attempt a further 
purification. ■ 

, YQh, LV. 2 Y :, 
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Considering that the compounds were not quite pure, the analytical 
results and melting points leave no doubt as to their identity. A 
lew hours* heating in the water-oven and exposure for several 
weeks over oii of vitriol were, therefore, sufficient to cause a partial 
loss of the elements of water and benzylamine from anhydrous 
benzyl ammonium succinate, and the production of a mixture of the 
amide and imide. 

TJnioe rs ity Labor at o ry , 

Trinity College , Dublin. 


LXIII .—The Periodic Law of the Chemical Elements. 

By Professor Mexdel£eff. 

(Fabapay Lecture delivered before the Fellows of the Chemical Society in the 
Theatre of the Royal Institution, on Tuesday, June 4th, 1889.) 

The high honour bestowed by the Chemical Society in inviting me 
to pay a tribute to the world-famed name of Faraday by delivering 
this lecture has induced me to take for its subject the Periodic Law 
of the Elements—this being a generalisation in chemistry which has 
of late attracted much attention. 

While science is pursuing a steady onward movement, it is con¬ 
venient from time to time to cast a- glance back on 'the route already 
traversed, and especially to consider the new conceptions which aim 
at .discovering the general meaning of the stock of facts accumulated 
from day to day in our laboratories. Owing to the possession of 
laboratories, modern science now bears a new,character, quite unknown 
not only to antiquity but even to the preceding century. Bacon’s 
and Descartes’ idea of submitting the mechanism of science simul¬ 
taneously to experiment and reasoning has been fully realised in the 
case of chemistry, it having become not only possible but always 
customary to experiment. Under' the all-penetrating control of 
experiment, a new theory, even if crude, is quickly strengthened, 
provided it be founded on a sufficient basis; the asperities are 
/removed, it is .amended by degrees, and soon loses the phantom 
light' of , a shadowy form, or of one'founded on mere prejudice; 
it'is 1 able to ..lead to logical conclusions and,, to submit to experi¬ 
mental 1 . p$>c& Willingly or not, in science we all must submit not 
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to what seems to us attractive from one point of view or from another, 
but to what represents an agreement between theory and experiment; 
in other words, to demonstrated generalisation and to the approved 
experiment. Is it long since many refused to accept the generalisa¬ 
tions involved in the law of Avogadro and Ampere, so widely ex¬ 
tended by Gerhardt? We still may hear the voices of its opponents; 
they enjoy perfect freedom, hut vainly will their voices rise so long 
as they do not use the language of demonstrated facts. The stinking 
observations with the spectroscope which have permitted us to 
analyse the chemical constitution of distant worlds, seemed, at first, 
applicable to the task of determining the nature of the atoms them¬ 
selves but the working out of the idea in the laboratory soon demon¬ 
strated that the characters of spectra are determined—not directly 
by the atoms, but by the molecules into which the atoms are packed; 
and so it became evident that more verified facts must be collected 
before it will be possible to formulate new generalisations capable of 
taking their place beside those ordinary ones based upon the con¬ 
ception of simple bodies and atoms. But as the shade of the leaves 
and roots of living plants, together with the relics of a decayed 
vegetation, favour the growth of the seedling and serve to promote 
its luxurious development, in like manner sound generalisations— 
together with the relics of those which have proved to be untenable 
—promote scientific productivity, and ensure the luxurious growth of 
science under the influence of rays emanating from the centres of 
scientific enei*gy. Such centres are scientific associations and 
societies. Before one of the oldest and most powerful of these I am 
about to take the liberty of passing in review the 20 years’ life of a 
generalisation which is known under the name of the Periodic Law. 
It was in March, 1869, that I ventured to lay before the then 
youthful Russian Chemical Society the ideas upon the same subject, 
which I had expressed in my just written ic Principles of Chemistry.” 

Without entering into details, I will give the conclusions I then 
arrived at, in the very words I used:— 

“ L The elements, if arranged according to their atomic weights, 
exhibit an evident periodicity of properties. 

“ 2. Elements which are similar as regards their chemical properties 
have atomic weights which are either of nearly the same value (e.g., 
platinum, iridium, osmium) or which increase regularly (e.g., potas¬ 
sium, rubidium, csesium), 

“ 3. The arrangement of the elements, or of groups of elements in 
the order of their atomic weights corresponds to their so-called 
valencies 'as well as, to some extent, to their distinctive chemical 
properties—as is apparent among other series in that of'lithium, 
beryllium, barium, carbon, nitrogen, oxygen andiron. 

' / ■ , . 2 x 2 
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“4. The elements which are the most widely diffused hare small 
atomic -weights. 

“ 5. The magnitude of the atomic weight determines the character 
of the element just as the magnitude of the molecule determines the 
character of a- compound body. 

“ 6. We must expect the discovery of many yet unknown elements, 
for example, elements analogous to aluminium and silicon, whose 
atomic weight would be between 65 and 75. 

“ 7, The atomic weight of an -element may sometimes be amended 
by a knowledge of those of the contiguous elements. Thus, the 
atomic weight of tellurium must lie between 123 and 126* and cannot 
be 128. 

u 8. Certain characteristic properties of the elements can be foretold 
from their atomic weights. 

44 The aim of this communication will be fully attained if I succeed in 
drawing the attention of investigators to those relations which exist 
between the atomic weights of dissimilar elements, which, as far as 
I know, have hitherto been almost completely'neglected. I believe 
that the solution of some of the most important problems of our 
science lies in researches of this kind.” 

To-day, 20 years after the above conclusions were formulated, they 
may still be considered as expressing the essence of the now well- 
known periodic law. ' 

'Reverting to the epoch terminating with the sixties, it is proper to 
indicate three series of data without the knowledge of which the 
periodic law could not have been discovered, and which rendered its 
appearance natural and intelligible. 

In the first place, it was at that time that the numerical value of 
atomic weights became definitely known. Ten years earlier such 
knowledge did not exist, as may be gathered from the fact that in 
1860 chemis* s from all parts of the world met at Karlsruhe in order 
to come to some agreement, if not with respect to views relating to 
atoms, at any rate as regards their definite representation. Many of 
those present probably remember how vain were the hopes of coming 
to an understanding, and how much ground was gained at that 
Congress by the followers of the unitary theory so brilliantly repre¬ 
sented by Cannizzaro. I vividly remember the impression produced 
by his 'speeches, which admitted of no compromise, and seemed 
to advocate truth itself, based on the conceptions of Avogadro, 
Gerhardt and jbtegnaulfc, which at that time were far from being 
'generally recognised. And though no understanding could be 
arrived at, yet tjbte- objects of the meeting were attained, for the ideas 
of Cannizzaro proved, after a few. years, to.be the only ones which 
could, stand criiieZsm,', attd which'.represented an atom as— 44 the 
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smallest portion of an element which enters into a molecule of its 
compound.” Only such real atomic weights—not conventional ones 
—could afford a basis for generalisation. Jt is sufficient, by way of 
example, to indicate the following cases in which the relation is seen 
at once and is perfectly clear:— 

K = 39 Eb = 85 Os = 133 

Oa = 40 Sr = 87 Ba = 137 

whereas with the equivalents then in use— 

K = 39 Eb = 85 Cs = 133 

Ca = 20 Sr = 43*5 Ba = 68*5 

the consecutiveness of change in atomic weight, which with the 
true values is so evident, completely disappears. 

Secondly, it had become evident during the period 1880—70, and 
even during the preceding decade, that the relations between the 
atomic weights, of analogous elements were governed by some general 
and simple laws. Cooke, Growers* Gladstone, Gmelin, Lenssen, 
Pettenkofer, and especially Dumas, had already established many 
facts bearing on that view. Thus Dumas compared the following 
groups of analogous elements with organic radicles:— 
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Sr = 44 l 

Se - 401 

i 
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13 x 8 

_ f2 x 44 

x 8 

K = 39 J 

Ba = 68 J 

Bi « 207 J 

Te - 64 1 


and pointed out some really striking relationships, such as the fol¬ 
lowing :•— 

F = 19. 

Cl = 35*5 = 19 + 16*5.. 

Br, = 80 = 19 + 2 x 16*5 4- 28.. 

I = 127 = 2. x 19 + 2x 16*5 + 2 x 28. 

A. Strecker, in his work “ Theorien und Experimente znr Bestim- 
mung dor Atomgewichte der Element© ” (Braunschweig, 1859), after 
summarising the data relating to the subject, and pointing out the 
remarkable series of equivalents— 

' Or = 26*2 Mn = 27*6 Fe = 28 Ni = 29 Co = 30 
Gu = 31-7' ' Zn = 32*5 

remarks that; “ It is hardly probable that all the above-mentioned 
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relations between ibe atomic weights (or equivalents) o£ d en ^ical]v 
analogous elements are merely accidental. We must, howe\L leave 
to the future the discovery of the laiv of the relations which spears 
in these figures.”* 

In such attempts at arrangement and in suck views are be 
recognised the real forerunners of the periodic law; the grounds 
prepared for it between 1860 and 1870, and that it was not. 
pressed in a determinate form before the end of the decade, ma 
1 suppose, be ascribed to the fact that only analogous elements haci 
been compared. The idea of seeking for a relation between the atomic 
weights of all the elements was foreign to the ideas then current, so 
that neither the vis tellurique of De Cbancourtois, nor the Ictio of 
octaves of Newlands, could secure anybody’s attention. And yet both 
De Chaneonrtois and Newlands, like Dumas and Strecker, more than 
Lenssen and Peftenkofer, had made an approach to the periodic law 
and had discovered its germs. The solution of the problem advanced 
but slowly, because the facts, and not the law, stood foremost in all 
attempts ; and the law could not awaken a general interest so long as 
elements, having no apparent connection with each other, were 
included in the same octave, as for example :— 


1st octave of! 
Newlands.. ; 

H 

F 

01 

€o & Ni j 

Br " 

Pel 

I 

7th Ditto.... j 

0 

S 

Fe 

Se | 

Rh & Ru 

Te 

Au 


Analogies of the above order seemed quite accidental, and the more 
so as the octave contained occasionally 10 elements instead of eight, 
and when two such elements as Ba and V, Co and Ni, or Rh and Ru, 
occupied one place in the octave.f Nevertheless, the fruit was ripen¬ 
ing, and I now see clearly that Strecker, De Ckancourtois and New- 
lands stood foremost in the way towards the discovery of the periodic 
law, and that they merely wanted the boldness necessary to place the 
whole, question'at such a height that its reflection on the facts could 
be clearly seen. 

A third circumstance which revealed the periodicity of chemical 
elements was the' accumulation, by the end of the sixties, of new 
information respecting the rare elements, disclosing their many- 
sided relations to the other elements and to each other. The 

# u Es iet irohl kaum anzuhehmen, class alle im Vorliergelienden hemrgehobenen 
Bezielmngen sswisehen den Atomgewichten (oder Aequivalenten) in ehemischen 
TerMlimssen ei nander almliehe Elemente bloss zufallig sind, Hie A ufflndung der 
in diesen Zahlen geseidieken Beziehnngen miissen wir jedoek ' der Zukunffc 
Ctberlassen.” 

f To judge from J. A. R. Newlands’ work, ■ On the Discovery of the Periodic 
London, 1884, p. 149; “On the Law of Octaves ” (from the Chemical Fem t 
12, 83, August-18,1865). 
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researches of Marignac on niobium, and those of Eoscoe on vana¬ 
dium were of special moment. The striking analogies between 
vanadium and phosphorus on the one hand, and between vanadium 
and chromium on the other, which became so apparent in the investi¬ 
gations connected with that element, naturally induced the com¬ 
parison of Y = 51 with Cr — 52, Kb = 94 with Mo = 96, and 
Ta = 192 with W = 194; while, on the other hand, P = 31 could 
be compared with S = 32, As = 75 with Se = 79, and Sb = 120 
with Te = 125. Prom such approximations there remained but one 
vstep to the discovery of the law of periodicity. 

The law of periodicity was thus a direct outcome of the stock of 
generalisations and established facts which had accumulated by the 
end of the decade 1860—1870 : it is an embodiment of those data in 
a more or less systematic expression. Where, then, lies the secret of 
the special importance -which has since been attached to the periodic 
law, and has raised it to the position of a generalisation which has 
already given to chemistry unexpected aid, and which promises to be 
far more fruitful in the future and to impress upon several branches of 
chemical research a peculiar and original stamp ? The remaining 
part of my communication will be an attempt to answer this question. 

In the first place we have the circumstance that, as soon as the 
law, made its appearance, it demanded a revision of many facts which 
were considered by chemists as fully established by existing ex¬ 
perience. I shall return, later on, briefly to this subject, but I wish 
now to remind you that the periodic law, by insisting on the necessity 
for a revision of supposed facts, exposed itself at once to destruction 
in its very origin. Its first requirements, however, have been almost 
entirely satisfied during the last 20 years; the supposed facts have 
yielded to the law, thus proving that the law itself was a legitimate 
induction from the verified facts. But our inductions from data have 
often to do with such details of a science so rich in facts, that only 
generalisations which cover a wide j'ange of important phenomena 
can attract general attention. What were the regions touched on by 
the periodic law ? This is what we shall now consider. 

The most important point to notice is, that periodic functions, used 
for the purpose of expressing changes which are dependent on varia¬ 
tions of time and space, have been long known. They are familiar 
to the mind when we have to deal with motion in closed cycles, or 
with any kind of deviation from a stable position, such as occurs in 
pendulum-oscillations. A like periodic function became evident in 
the case of the elements, depending on the mass of the atom. 
The primary conception of the masses of bodies or of the masses of 
atoms belongs to a category which the present state of science forbids 
us to discuss, because as yet we have no means of dissecting or 
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analysing the conception. All that was "known of functions dependent 
on masses derived its origin from Galileo and Newton, and indicated 
that such functions either decrease or increase with the increase of 
mass, like the attraction of celestial bodies. The numerical expression 
of the phenomena was always found to he proportional to the 
mass, and in no ease was an increase of mass followed by a recur¬ 
rence of properties such as is disclosed by the periodic law of the 
elements. This constituted such a novelty in the study of the pheno¬ 
mena of nature that, although it did not lift the veil which conceals 
the true conception of mass, it nevertheless indicated that the ex¬ 
planation of that conception must be searched for in the masses of 
the atoms; the more so, as all masses are nothing hut aggregations, 
or additions, of chemical atoms which would he best described as 
chemical individuals. Let me remark by the way that though the 
Latin word “individual” is merely a translation of the Greek word 
“ atom,” nevertheless history and custom have drawn so sharp a dis¬ 
tinction between the two words, and the present chemical conception of 
atoms is nearer to that defined by the Latin word than hv the Greek, 
although this latter also has acquired a special meaning which was 
unknown to the classics. The periodic law has shown that our chemical 
individuals display a harmonic periodicity of properties, dependent on 
their masses. 5Tow, natural science has long been accustomed to deal 
with periodicities observed in nature, to seize them with the vice of 
mathematical analysis, to submit them to the rasp of experiment. And 
these instruments of scientific thought would surely, long since, have 
mastered the problem connected with the chemical elements, were it 
not for a new feature which was brought to light by the periodic 
law and which gave a peculiar and original character to the periodic 
function. 

If we mark on an axis of abscissae a series of lengths proportional 
to angles, and trace ordinates which are proportional to sines or other 
trigonometrical functions, we get periodic curves of a harmonic 
character. So it might seem, at first sight, that with the increase of 
atomic weights the function of the properties of the elements should 
also vary in the same harmonious way. Butin this case there is no 
such continuous change as in the curves just referred to, because the 
periods do not contain the in finite number of points constituting a 
curve, but a finite number only of such points. An example will 
better illustrate this view. The atomic weights;— 

Ag = 108 Cd = 112 In = 113 Sn = 118 
8b = 120 Te = 125 I = 127 

steadily increase, and their increase is accompanied by a modification 
of many properties which constitutes the, essence of the periodic law,. 
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Thus, for example, the densities of the above elements decrease 
steadily, being respectively— 

10*5 3*6 7*4 7*2 6*7 6*4 4*9 

while their oxides contain an increasing quantity of oxygen ;— 

AgaO Cd,Oa ln,0 3 Sn B 0* Sb 2 0 5 Te,0 6 L0 7 

But to connect by a curve the summits of the ordinates expressing 
any of these properties would involve the rejection of Dalton’s law 
of multiple proportions. Not only are there no intermediate elements 
between silver, which gives AgCl, and cadmium, which gives CdCl 2? 
but, according to the very essence of the periodic law there can be 
none ; in fact a uniform curve would be inapplicable in such a case, as 
it would lead us to expect elements possessed of special properties 
at any point of the curve. The periods of the elements have thus a 
character very different from those which are so simply represented 
by geometers. They correspond to points, to numbers, to sudden 
changes of the masses, and not to a continuous evolution. In these 
sudden changes destitute of intermediate steps or positions, in the 
absence of elements intermediate between, say, silver and cadmium, or 
aluminium and silicon, we must recognise a problem to which no 
direct application of the analysis of the infinitely small can be made. 
Therefore, neither the trigonometrical functions proposed by Bid berg 
and Flavitzky, nor the pendulum-oscillations suggested by Crookes, 
nor the cubical curves of the Rev. Mr. Haughton, which have been pro¬ 
posed for expressing the periodic law, from the nature of the case, 
can represent the periods of the chemical elements. If geometrical 
analysis is to be applied to this subject it will require to be modified 
in a special manner. It must find the means of representing in a 
special way not only such long periods as that comprising, 

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga G 
As Se Br, 

but short periods like the following:— 

Na Mg A1 Si P S CL 

In the theory of numbers only do we find problems analogous 
to ours, and two attempts at expressing the atomic weights of the 
elements by algebraic formula seem to be deserving of attention, 
although neither of them can be considered as a complete theory, nor 
as promising finally to solve the problem of the periodic law. The 
attempt of E. 4, Mills (1886) does not even aspire to attain this end. 
He considers that all atomic weights can be expressed by a logarithmic 
function, 

U(n - 0 * 98750 , 
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in 'which the variables n and t are whole numbers. Thus, for oxygen, 
n = 2, and t = 1, whence its atomic weight is = 15*94; in the case 
of chlorine, bromine, and iodine, n has respective values of 3. 6 , and 
9 , while t = 7 , 6 , and 9 ; in the case of potassium, rubidium, and 
caesium, n = 4, 6 , and 9, and t = 14, 18, and 20. 

Another attempt was made in 1888 by B. 17. Tchitcherin. Its 
author places the problem of the periodic law in the first rank, but 
as yet lie has investigated the alkaline metals only. Tchitcherin 
first noticed the simple relations existing between the atomic volumes 
of all alkaline metals; they can be expressed, according to his views, 
by the formula 

A(2 - 0*00535Aw), 

where A is the atomic weight, and n is equal to 8 for lithium and 
sodium, to 4 for potassium, to 3 for rubidium, and to 2 for caesium. 
If n remained equal to 8 , during the increase of A, then the volume 
would become zero at A = 46§, and it would reach its maximum at 
A = 23-|. The close approximation of the number 46§ to the 
differences between the atomic weights of analogous elements (such 
as Cs — Bb, I;— Br, and so on); the close correspondence of the 
number 2 &J to the atomic weight of sodium; the fact of n being 
necessarily a whole number, and several other aspects of the ques¬ 
tion, induce Tchitcherin to believe that they afford a clue to the 
understanding of the nature of the elements; we must, however, 
await the full development of his theory before pronouncing judg¬ 
ment on it. What we can at present only be certain of is this: that 
attempts like the tw T o above named must be repeated and multi¬ 
plied, because the periodic law has clearly shown that the masses of 
the atoms increase abruptly, by steps, which are clearly connected 
in some way with Dalton’s law of multiple proportions; and because 
the periodicity of the elements finds expression in the transition from 
RX to BX 2 , RX», RX 4 , and so on till IiX 8 , at which point the 
energy of the combining forces being exhausted, the series begins 
anew from RX to RX 2 , and so on. 

While connecting by new bonds the theory of the chemical elements 
with Dalton’s theory of multiple proportions, or atomic structure of 
bodies, the periodic law opened for natural philosophy a new and 
wide field for speculation. Kant said that there are in the world 
u two things which, never cease to call, for the admiration and rever¬ 
ence of man; the moral law within ourselves, and the stellar sky 
above ns / 5 But when we turn our thoughts towards the nature of 
the elements and the periodic law, we must add a third, subject, 
namely, “the nature of the elementary individuals'which we discover 
everywhere around us.” Without them the stellar sky itself is 
inconceivable; and in the atoms we see at once their peculiar indi- 
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vidualities, the infinite multiplicity of the individuals, and the sub¬ 
mission of their seeming freedom to the general harmony of Nature. 

Having thus indicated a new mystery of Nature, which does not 
yet yield to rational conception, the periodic law, together with the 
revelations of spectrum analysis, have contributed to again revive 
an old but remarkably long-lived hope—that of discovering, if not 
by experiment, at least, by a mental effort, the primary matter — 
which had its genesis in the minds of the Grecian philosophers, 
and has been transmitted, together with many other ideas of the 
classic period, to the heirs of their civilisation. Having grown, during 
the times of the alchemists up to the period when experimental 
proof was required, the idea has rendered good service; it induced 
those careful observations and experiments which later on called 
into being the works of Scheele, Lavoisier, Priestley and Cavendish. 
It then slumbered awhile, hut was soon awakened by the attempts 
either to confirm or to refute the ideas of Prout as to the multiple 
proportion relationship of the atomic weights of all the elements. 
And once again the inductive or experimental method of studying 
Nature gained a direct advantage from the old Pythagorean idea: 
because atomic weights were determined with an accuracy formerly 
unknown. But again the idea could not stand the ordeal of experi¬ 
mental test, yet the prejudice remains and has not been uprooted, 
even by Stas; nay, it has gained a new vigour, for we see that all 
which is imperfectly worked out, new and unexplained, from the 
still scarcely studied rare metals to the hardly perceptible nebulae, 
have been used to justify it. As soon as spectrum analysis appears as 
a new and powerful weapon of chemistry, the idea of a primary 
matter is immediately attached to it. From all sides we see attempts 
to constitute the imaginary substance helium* the so much longed 
for primary matter, NTo attention is paid to the circumstance that 
the helium line is only seen in the spectrum of the solar protube¬ 
rances, so that its universality in Nature remains as problematic as the 
primary matter itself; nor to the fact that the helium line is wanting 
amongst the Fraunhofer lines of the solar spectrum, and thus does 
not answer to the brilliant fundamental conception which gives its 
real force to spectrum analysis. 

And finally, no notice is even taken of the indubitable fact that the 
brilliancies of the spectral lines of the simple bodies vary under 
different temperatures and pressures; so that all probabilities are in 
favour of th© helium line simply belonging to some long since known 
element placed under such conditions of temperature, pressure, and 
gravity as have not yet been realised in our experiments. Again, the 
idea that the excellent investigations of Lockyer of the spectrum of 
* That is, a body having a wave-length equal to 0*0005875 millimetre. 
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iron can be interpreted in favour of the compound nature of that 
element, evidently must have arisen from some misunderstanding. 
The spectrum of a compound body certainly does not appear as a sum 
of the spectra of its components; and therefore the observations of 
Lockyer can be considered precisely as a proof that iron undergoes 
no other changes at the temperature of the sun but those which, it 
experiences in the voltaic arc—provided the spectrum of iron is pre¬ 
served. As to the shifting of some of the lines of the spectrum of iron 
while the other lines maintain their positions, it can be explained, as 
shown by M. Kleiber (Journal of the Russian Chemical and Physical 
Society , 1885,147), by the relative motion of the various strata of the 
sun’s atmosphere, and by Zollner’s laws of the relative brilliancies of 
different lines of the spectrum. Moreover, it ought not to be forgotten 
that if iron were really proved to consist of two or more unknown 
elements, we simply should have an increase of the number of our 
elements—not a reduction, and still less a reduction of all of them to 
one single primary matter. ; ,r 

Feeling that spectrum analysis will not yield a support to the 
Pythagorean conception, its modem promoters are so bent upon 
its being confirmed by the periodic law, that the illustrious Berthelot, 
in his work Les origines de VA Ichimie, 1885, 3-13, has simply mixed up 
the fundamental idea of the law of periodicity with the ideas of 
Front, the alchemists, and Democritus about primary matter.* But 
the periodic law, based as it is on the solid and wholesome ground 
of experimental research, has been evolved independently of any 
conception as to the nature of the elements; it does not in the least 
originate in the idea of an unique matter; and it has no historical 
connection with that relic of the torments of classical thought, and 
therefore it affords no more indication of the unity of matter or of 
the 1 compound character of our elements, than the law of Avogadro, 
or the law of specific heats, or even the conclusions of spectrum 
analysis. None of, the advocates of an unique matter have ever 
tried to explain the law from the standpoint of ideas taken from, 
a remote'antiquity when it was found convenient to admit the 
existence of many gods—and of an unique matter. 

When we try to explain the origin of the idea of an unique 
primary matter, we easily trace that in the absence of inductions 
from, experiment it derives its origin from, the scientifically philo¬ 
sophical attempt at discovering some kind of unity in ' the immense 
diversity of individualities which we see around. In classical times 

* He maintains (on p. 309) that the periodic law requires two new analogous 
elements, having atomic weights of 48 and 64, occupying positions between sulphur 
'and selenium, although nothing of the kind results from any of the different' reach 
lugs of the law.,, 



OF THE CHEMICAL ELEMENTS. 


645 


suck a tendency could only be satisfied by conceptions about the 
immaterial world. As to the material world, our ancestors were 
compelled to resort to some hypothesis, and they adopted the idea 
of unity in the formative material, because they were not able 
to evolve the conception oP any other possible unity in order to 
connect the multifarious relations of matter. Responding to the 
same legitimate scientific tendency, natural science has discovered 
throughout the universe a unity of plan, a unity of forces, and 
a unity of matter, and the convincing conclusions of modern 
science compel everyone to admit these kinds of unity. But while 
we admit unity in many things, we none the less must also 
explain the individuality and the apparent diversity which we 
cannot fail to trace everywhere. It has been said of old, ££ Give a 
fulcrum, aud it will become easy to displace the earth.” So also we 
must say, u Give anything that, is individualised, and the apparent 
diversity will be easily undei'stood.” Otherwise, how could unity 
result in a multitude ? 

After a long and painstaking research, natural science has dis¬ 
covered the individualities of the chemical elements, and therefore it 
is now capable not only of analysing, but also of synthesising; it 
can understand and grasp the general and unity, as well as the 
individualised and the multitudinous. Unity and the general, 
like time and space, like force and motion, vary uniformly; the 
uniform admit of interpolations, revealing every intermediate phase. 
But the multitudinous, the individualised—like ourselves, like the 
chemical elements, like the members of a peculiar periodic function of 
elements, like Dalton’s multiple proportions—is characterised in 
another way: we see in it—side by side with a connecting general 
principle—leaps, breaks of continuity, points which escape from the 
analysis of the infinitely small—a complete absence of intermediate 
links. Chemistry has found an answer to the question as to the causes of 
multitudes; and while retaining the conception of many elements, all 
submitted to the discipline of a general law, it offers an escape 
from the Indian Nirvana—the absorption in the universal, replacing 
it by the individualised, However, the place for individuality is so 
limited by the all-grasping, all-powerful universal, that it is merely a 
fulcrum for the understanding of multitude in unity. 

Having touched upon the metaphysical bases of the conception of an 
unique matter which is supposed to enter into the composition of all 
bodies, I think it necessary to dwell upon another theory, akin to the 
above conception,—the theory of the compound character of the 
elements now admitted by some,—and especially upon one par¬ 
ticular circumstance which being related to the periodic law is con¬ 
sidered to be an argument in favour of that hypothesis. 



MENDELEEFF: THE PERIODIC LAW 


646 

Dr. Pelopidas, in 1883, made a communication to the Russian 
Chemical and Physical Society on the periodicity of the hydrocarbon 
radicles, pointing out the remarkable parallelism which was to be 
noticed in the change of properties of hydrocarbon radicles and 
elements when classed in groups. Professor Carnelley, in 1886, 
developed a similar parallelism. The idea of M. Pelopidas will he 
easily understood if we consider the series of hydrocarbon radicles 
which contain, say, 6 atoms of carbon:— 

I II III IT T YI YII Till 

C g H i3 CcHto C 6 Hu C g H 10 C g H<) CgHs CgH"7 CgH® 

The first of these radicles, like the elements of the 1st group, combines 
with Cl, OH, and so on, and gives the derivatives of hexyl alcohol, 
OJHi,(OH) ; but, in proportion as the number of hydrogen atoms 
decreases, the capacity of the radicles of combining with, say, the 
halogens increases. C 6 H 13 already combines with 2 atoms of chlorine; 
C«Hn with 3 atoms, and so on. The last members of the series 
comprise the radicles of acids; thus C 6 H 8 , which belongs to the 
VI th group, gives, like sulphur, abibasic acid, C 6 H 8 G 2 (OH) 2 , which is 
homologous with oxalic acid. The parallelism can he traced still 
further—because C 6 H 5 appears as a monovalent radicle of benzene— 
and with it begins a new series of aromatic derivatives, so analogous 
to the derivatives of the fat series. Let me also mention another 
example from among those which have been given by M. Pelo¬ 
pidas, Starting from the alkaline radicle of monometliylammonimn, 
K(CH 3 )H 3 , or ISTOHg, which presents many analogies with the alkaline 
metals of the 1st group, he arrives, by successively diminishing the 
number of the atoms of hydrogen, at a seventh group which con¬ 
tains cyanogen, ChT, which has long since been compared to the 
halogens of the Vllth group. 

The most important consequence' which, in my opinion, can be 
drawn from the above comparison is, that'the periodic law, so apparent 
in the elements, has a wider application than might appear at first 
sight; it opens up a new vista of chemical evolutions. But, while 
admitting 1 the fullest parallelism'between the periodicity of the 
elements and that of the compound radicles, we must not forget 
that in the periods of the hydrocarbon radicles we have a decrease 
of mass as we pass from the representatives of the first group to the 
next; while in, the periods of the elements the mass increases during 
the progression. It thus becomes evident that we cannot speak of an 
identity of periodicity 1 in both cases, unless we put aside the ideas of 
mass, and' attraction,which,'are the real corner-stones of the whole 
of 'natural'; science fend' 'even' e iter into those very conceptions' of 
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simple bodies which came to light a full hundred years later than the 
immortal principles of Newton.* 

From the foregoing, as well as from the failures of so many 
attempts at finding in experiment and speculation a proof of the 
compound character of the elements and of the existence of primordial 
matter, it is evident, in my opinion, that this theory must be classed 
amongst mere utopias. But utopias can only be combatted by free¬ 
dom of opinion, by experiment, and by new utopias. In the republic of 
scientific theories freedom of opinions is guaranteed. It is precisely 
that freedom which permits me to criticise openly the widely diffused 
idea as to the unity of matter in the elements. Experiments and 
attempts at confirming that idea have been so numerous that it really 
would be instructive to have them all collected together, if only to 
serve as a warning against the repetition of old failures. And, now, 
as to new utopias which may be helpful in the struggle against the 
old ones, I do not think it quite useless to mention a phantasy of one 
of my students who imagined that the weight of bodies does not 
depend upon their mass, but upon the character of the motion of 
their atoms. The atoms, according to this new utopian, may all be 
homogeneous or heterogeneous, we know not which; we know them 
in motion only, and that motion they maintain with the same per¬ 
sistence as the stellar bodies maintain theirs. The weights of atoms 
differ only in consequence of their various modes and quantity of 
, motion; the heaviest atoms may be much simpler than the lighter 
ones; thus an atom of mercury may be simpler than an atom of 
hydrogen—the manner in which it moves causes it to be heavier. 
My interlocutor even suggested that the view which attributes the 
greater complexity to the lighter elements finds confirmation in the 
fact that the hydrocarbon radicles mentioned by Pelopidas, -while 
becoming lighter as they lose hydrogen, change their properties 
periodically in the same manner as the elements change theirs according 
as the atoms grow heavier. 

The French proverb, La critique esi facile mats Vart est difficile > 
however, may well be reversed in the case of all such ideal views, as 
it is much easier to formulate than to criticise them. Arising from 
the virgin soil of newly established facts, the knowledge relating to 
the elements, to their masses, and to the periodic changes of their 
properties, has given a motive for the formation of utopian hypotheses, 
pimbably because they could not be foreseen by the aid of any of the 

# It is noteworthy that the year in which Lavoisier was bom (1743)—the author 
of the idea of elements and of the indestructibility of matter—is later by exactly 
one century than the year in which' the author of the theory of gravitation’and 
mass was born, (1613 N.8.). The affiliation of'the ideas of Lavoisier and those of 
Newton is beyond doubt, . 
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various metaphysical systems, and exist, like the idea of gravitation, as 
an independent outcome of natural science, requiring the acknowledge¬ 
ment of general laws, when these have been established with the 
same degree of persistency as is indispensable for the acceptance of a 
thoroughly established fact. Two centuries have elapsed since the 
theory of gravitation was enunciated, and although we do not under¬ 
stand its cause, we still must regard gravitation as a fundamental 
conception of natural philosophy, a conception which has enabled as 
to perceive much more than the metaphysicians did or could with 
their seeming omniscience. A hundred years later the conception 
of the elements arose; it made chemistry what it now is; and 
yet we have advanced as little in our comprehension of simple 
bodies since the times of Lavoisier and Dalton as we have in our 
understanding of gravitation. The periodic law of the elements is 
only 20 years old ; it is not surprising therefore that, knowing nothing 
about the causes of gravitation and mass, or about the nature of the 
elements, we do not comprehend the rationale of the periodic law. 
It is only by collecting established laws, that is by working at the 
acquirement of truth, that -we can hope gradually to lift the veil 
which conceals from ns the causes of the mysteries of Nature and 
to discover their mutual dependency. Like the telescope and the 
microscope, law's founded on the basis of experiment are the instru¬ 
ments and means of enlarging our mental horizon. 

In the remaining paid of my coinmnnication I shall endeavour to 
show, and as briefly as possible, in how" far the periodic law contri¬ 
butes to enlarge our range of vision. Before the promulgation of 
this law the chemical elements were mere fragmentary, incidental 
facts in Nature; there was no special reason to expect the discovery 
of new elements, and the new- ones which were discovered from time 
to time appeared to be possessed of quite novel properties. The law 
of periodicity first enabled us to perceive undiscovered elements at a 
distance which formerly was inaccessible to chemical vision; and long 
ere they were discovered new elements appeared before ■ our eyes 
possessed of a number of well-defined properties. We now know 
three cases of elements whose existence and properties were 1 foreseen 
by the instrumentality of the periodic law. . I need but mention the 
brilliant discovery of gallium , which proved to correspond to eka- 
aiuminium of the periodic Jaw, by Leeoq de BoLsbaudran; of 
scandium, corresponding to eka-boron, by Nilson; and of germanium, 
which proved to correspond in all respects to eka-silicium, by 
Winckler. When, in 1871, I described to the Russian Chemical 
Society,the properties, clearly defined by the periodic law, which 
such elements'ought to possess, I never hoped that I should live to 
mention their discovery to, the Chemical Society of Great Britain as 
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a confirmation of the exactitude and the generality of the periodic 
law. 'Now, that I have had the happiness of doing so, I unhesitatingly 
say that although greatly enlarging our vision, even now the periodic 
law needs further improvements in order that it may become a trust¬ 
worthy instrument in further discoveries.* 

I will venture to allude to some other matters which chemistry 
has discerned by means of its new instrument, and which it could not 
have made out without a knowledge of the law of periodicity, and 1 
will confine myself to simple bodies and to oxides. 

Before the periodic law was formulated the atomic weights of the 
elements were purely empirical numbers, so that the magnitude of 
the equivalent, and the atomicity or the value in substitution 
possessed by an atom, could only be tested by critically examining 
the methods of determination, but never directly by considering the 
numerical values themselves; in short, we were compelled to move in 
the dark, to submit to the facts, instead of being masters of them. 
I need not recount tbe methods which permitted the periodic 
law at last to master the facts relating to atomic weights, and I 
would merely call to mind that it compelled us to modify the 
valencies of indium and cerium , and to assign to their compounds a 
different molecular composition. Determinations of the specific heats 
of these two metals fully confirmed the change. The trivalency of 
yttrium , which makes us now represent its oxide as Y 2 0 3 instead of as 
YO, was also foresjeen (in 1870) by the periodic law, and it now has 
become so probable that Cleve, and all other subsequent investigators 
of the rare metals, have not only adopted it but have also applied it 
without any new demonstration to bodies so imperfectly known as 
those of the cerite and gadolinite group, especially since Hildebrand 
determined the specific heats of lanthanum and didymmm and con¬ 
firmed the expectations suggested by the periodic law. But here, 
especially iu the case of didymium, we meet with a series of difficulties 
long since foreseen through the periodic law, but only now becoming 

# I' foresee some more new elements, but not with the same certitude as before. 
I shall give one example, and yet I do not see it quite distinctly. In the series 
which contains Hg = 204, Pb = 206, and Bi~ 208, we can guess the existence 
(at the place VI—11) of an element analogous to tellurium, which we can describe 
as dvi-tellurium, X)t having an atomic weight of 212, and the property of forming 
the oxide DtOg. If this element really exists, it ought in the free state to be an 
easily fusible, crystalline, non-volatile metal of a grey colour, having a density of 
about 9’3, capable of giving a dioxide, DtO s , equally endowed with feeble acid and 
basic properties. This dioxide must give on active oxidation an unstable higher 
oxide, DtO s , which should resemble in its properties Pb0 2 and Bi 2 0 5 . Dvi-telhi- 
rium hydride, if it be found to exist, will be a less stable compound than even 
H 2 Te. The compounds of dvi-tellurium will be easily reduced, and it will form 
characteristic definite alloys with other metals. 

VOL. LV. , , , 2 Z 
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evident, and chiefly arising from the relative rarity and insufficient 
knowledge of the elements which usually accompany dldymlum. 

Passing to the results obtained in the case of the rare elements 
beryllium , scandium and thorium , it is found that these have many 
points of contact with periodic law. Although Avdeeff long since 
proposed the magnesia formula to represent beryllium oxide, yet 
there was so much to be said in favour of the alumina formula, 
on account of the specific heat of the metals and the isomorphism of 
the two oxides, that it became generally adopted and seemed to be 
well established. The periodic law, however, as Brauner repeatedly 
insisted (JBerickte , 1878, 872; 1881, 53) was against the formula Be 2 0 3 ; 
it required the magnesium formula BeO, that is, an atomic weight of 9, 
because there was no place in the system for an element like beryllium 
having an atomic weight of 13*5. This divergence of opinion lasted for 
years, and I often heard that the question as to the atomic weight of 
beryllium threatened to disturb the generality of the periodic law, or, 
at any rate, to require some important modifications of it. Many 
forces were operating in the controversy regarding beryllium, evi¬ 
dently because a much more important question was at issue than 
merely that involved in the discussion of the atomic weight of a rela¬ 
tively rare element; and during the controversy the periodic law 
became better understood, and the mutual relations of the elements 
became more apparent than ever before. It is most remarkable that 
the victory of the periodic law was won by the researches of the very 
observers who previously had discovered a number of facts in support 
of the frivalency of beryllium. Applying the higher law of Avogadro, 
Nils on and Petterson have finally shown that the density of the vapour 
of the beryllium chloride, BeCl 2 , obliges us to regard beryllium as 
bivalent in conformity with the periodic law * I consider the con¬ 
firmation of AvdeefFs and Braimer’s view as important in the 

* Tefc me mention another proof of the bivalency of beryllium which may have 
passed, unnoticed, as it was published in the Russian chemical literature.' Having 
remarked (in 1SS4) that the density of such solutions of chlorides of metals, MC1 W , 
fia contain 200 mols. of water (or a large and constant amount of water) regularly 
increases as the molecular weight of the dissolved salt increases, I proposed to 
of our young chemists, M. Burdakoff, that he should investigate the heryffimn 
chloride. ' If its molecule be BeCl 2 its weight must, be * 80 ; and in such a case it 
must, be heavier than the molecule of KOI = 74 5, and lighter than that of 
MgCl = 93. On the contrary, if beryllium chloride is a trichloride, B03 3 = 120, 
its molecule must be heavier than that of CaCh, = 111, and lighter than that of 
Mn0l 3 = 126. Experiment has shown the correctness of the former formula, 
the solution BeCi 2 + 200ILO having (at 15°/4°) a density of 1*0138, this being a 
higher density than that of the solution KC1 + 20OH a O (» 1*0121), and lower 
than that of MgCl s + 200H S C (= 1*0203).., The bivalency of beryllium was thus 
confirmed in the base both of the, dissolved and the vaporised chloride. 
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history of the periodic law as the discovery of scandium, which, in 
Nilson’s hands, confirmed the existence of the eka-boron. 

The circumstance that thorium proved to be quadrivalent, and 
Tk = 232, in accordance with the views of Chydenius and the re¬ 
quirements of the periodic law, passed almost unnoticed, and was 
accepted without opposition, and yet both thorium and uranium are 
of great importance in the periodic system, as they are its last 
members, and have the highest atomic weights of all the highest 
elements. 

The alteration of the atomic weight of uranium from U = 120 into 
IT = 240 attracted more attention, the change having been made on 
account of the periodic law, and for no other reason. NTow that 
Roscoe, Rarumelsberg, Zimmermann, and several others have admitted 
the various claims of the periodic law in the case of uranium, its high 
atomic weight is received without objection, and it endows that element 
with a special interest. 

While thus demonstrating the necessity of modifying the atomic 
weights of several insufficiently known elements, the periodic law 
enabled us also to detect errors in the determination of the atomic 
weights of several elements whose valencies and true position among 
other elements were already well known. Three such cases are 
especially noteworthy: those of tellurium, titanium and platinum. 
Berzelius had determined the atomic weight of tellurium to be 128, 
while the periodic law claimed for it an atomic weight below that of 
iodine, which had been fixed by Stas at 126'5, and which was 
certainly not higher than 127. Brauner then undertook the investi¬ 
gation, and he has shown that the true atomic weight of tellurium is 
Ibwer than that of iodine, being near to 125. For titanium the exten¬ 
sive researches of Thorpe have confirmed the atomic weight of 
Ti =48, indicated by the law, and already foreseen by Rose, but con¬ 
tradicted by the analyses of Pierre and several other chemists. An 
equally brilliant confirmation of the expectations based on the peri¬ 
odic law has been given in the case of the series osmium, iridium, 
platinum, and gold. At the time of the promulgation of the periodic 
law the determinations of Berzelius, Rose, and many others gave the 
following figures:— 

Os = 200; Ir = 197; Pt = 198; An = 196. 

The expectations of the periodic law* have been confirmed, first, by 
new determinations of the atomic weight of platinum (by Seubert, 
Dittmar and M*Arthur), which proved to be near to 196 (taking 
0 = 16, as proposed by Marignac, Brauner, and others) ; secondly, 

# I pointed them out in the Liebig's Annalen, Supplement 'Band viii, 1871, 

p. 211. ■■ ' ' 

2x2 
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by Seubert having proved that the atomic weight of osmium is really 
lower than that of platinum, and that it is near to 191; and thirdly, 
by the investigations of Kruss, and Thorpe and Laurie proving that the 
atomic weight of gold exceeds that of platinum, and approximates to 
197. The atomic weights which were thns fonncl to require correc¬ 
tion were precisely those which the periodic law had indicated as 
affected with errors; and it has been proved therefore that the peri¬ 
odic law affords a means of testing experimental results. If we succeed 
in discovering the exact character of the periodical relationships 
between the increments in atomic weights of allied elements discussed 
by Eidberg in 1885, and again by Bazaroff in 1887, we may expect 
that onr instrument will give ns the means of still more closely con¬ 
trolling the experimental data relating to atomic weights. 

Let me next call to mind that, while disclosing the variation of 
chemical properties,^ the periodic law has also enabled ns to systemati¬ 
cally discuss many of the physical properties of elementary bodies, 
and to show that these properties are also subject to the law of 
periodicity. At the Moscow Congress of Russian Naturalists in 
August, 1869, I dwelt upon the relations which existed between 
density and the atomic weight of the elements. The following year 
Professor Lothar Meyer, in his well-known paper,f studied the same 
subject in more detail, and thus contributed to spread information 
about the periodic law. Later on, Carnelley, Laurie, L. Meyer, 
Roberts-Austen, and several others applied the periodic system to 
represent the order in the changes of the magnetic properties of 
the elements, their melting points, the heats of formation of their 
haloid compounds, and even of such mechanical properties as the 
coefficient of elasticity, the breaking stress, &e., &c. These de¬ 
ductions, which have received further support in the discovery off 
new elements endowed not only with chemical but even with physical 
properties which were foreseen by the law of periodicity, are well 
known; so I need not dwell upon the subject, and may pass to the 
consideration of oxides. $ 

. # Thus, in the typical small period of 

Li, Be, B, 0, N, 0, F, 

,we see 1 at one© the, progression from the alkaline metals to the acid non-metals, such 
as are the halogens. 

f Liebig's Annalen, Erz. Bd. vii, 1870. 1 1 

t A distinct periodicity can also be discovered in the spectra of the elements. 
Thus the researches of, Hartley, Ciamician, and others have disclosed, first, the 
homology of the spectra of analogous elements ; secondly, that the alkaline metals 
have simpler spectra than the metals of the following groups,* and thirdly, that 
Ulster© & ik- 'ceartaui; ^elweon the complicated spectra of manganese and iron 

on the nn© hand,,,and, the, no less complicated spectra of chlorine and bromine on 
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In indicating that the gradual increase of the power of elements 
of combining with oxygen is accompanied by a corresponding de¬ 
crease in their power of combining with hydrogen, the periodic 
law has shown that there is a limit of oxidation, just as there is a 
well-known limit to the capacity of elements for combining with 
hydrogen. A single atom of an element combines with at most four 
atoms of either hydrogen or oxygen : and while CH 4 and SiH 4 repre¬ 
sent the highest hydrides, so B/u0 4 and 0s0 4 are the highest oxides. 
We are thus led to recognise types of oxides, just as we have 
had to recognise types of hydrides.* 

The periodic law has demonstrated that the maximum extent to 
which different non-metals enter into combination with oxygen is 
determined by the extent to which they combine with hydrogen, and 
that the sum of the number of equivalents of both must be equal 
to 8. Thus chlorine, which combines with 1 atom, or 1 equiva¬ 
lent of hydrogen, cannot fix more than 7 equivalents of oxygen, 
giving C1 2 0 7 : while sulphur, which fixes 2 equivalents of hydro¬ 
gen, cannot combine with more than 6 equivalents or 3 atoms 
of oxygen. It thus becomes evident that we cannot recognise as a 
fundamental property of the elements the atomic valencies deduced 
from their hydrides; and that we must modify, to a certain extent, 
the theory of atomicity if we desire to raise it to the dignity of a 
general principle capable of affording an insight into the constitution 
of all compound molecules. In other words, it is only to carbon, 
which is quadrivalent with regard both to oxygen and hydrogen, that 
we can apply the theory of constant valency and of bond, by means of 
which so many still endeavour "to explain the structure of compound 
molecules. But I should go too far if I ventured to explain in detail 
the conclusions which can be drawn from the above considerations. 
Still, I think it necessary to dwell upon one particular fact which 
must be explained from the point of view of the periodic law in 
order to clear the way to its extension in that particular direction. 

the other hand, and their likeness corresponds to the degree of analogy between 
those elements which is indicated by the periodic law. 

* Formerly it was supposed that, being a bivalent element, oxygen can enter into 
any grouping of the atoms, and there was no limit foreseen as to extent to which it 
could further enter into combination. We could not explain why bivalent sulphur, 
which forms compounds such as 

S<g> and S<g>0, 
could not also form oxides such as— 

S<0-0> or S <glg>°. 

while other elements, as, for instance, chlorine, form compounds such as— 

, Cl—0—O—0—O—/ 
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The higher oxides yielding salts the formation of which was fore¬ 
seen by the periodic system.'—for instance, in the short series beginning 
with sodium— 

FaA MgO, A1 2 0 3 , Si0 2 , PA, SO* CIA, 

must be clearly distinguished from the higher degrees of oxidation 
which correspond to hydrogen peroxide and bear the true character 
of peroxides* Peroxides such as NaA, Ba0 2 , and the like have long 
been known. Similar peroxides have also recently become known in 
the case of chromium, sulphur, titanium, and many other elements, 
and 1 have sometimes heard it said that discoveries of this kind 
weaken the conclusions of the periodic law in so far as it concerns 
the oxides. I do not think so in the least, and I may remark, in the 
first place, that all these peroxides are endowed with certain pro¬ 
perties—obviously common to all of them, which distinguish them 
from the actual, higher, salt-forming oxides, especially their easy 
decomposition by means of simple contact agencies; their incapacity 
of forming salts, of the common type; and tbeir capacity of com¬ 
bining with other peroxides (like the faculty which hydrogen per-' 
oxide possesses of combining with barium peroxide, discovered by 
Schoene). Again, we remark that some groups are especially cha¬ 
racterised by their capacity of generating peroxides. Such is, for 
instance, the case in the Vlth group, where we find the well-known, 
peroxides of sulphur, chromium, and uranium; so that further in¬ 
vestigation of peroxides will probably establish a new periodic func¬ 
tion, foreshadowing that molybdenum and wolfram will assume 
peroxide forms with comparative readiness. To appreciate the 
constitution of such peroxides, it is enough to notice that the 
peroxide form of sulphur (so-called persulphuric acid) stands in the 
same relation to sulphuric acid as hydrogen peroxide stands to 
water;—• 

H(OH), or H 2 0, responds to (OH)(OH), or HA, 
and so also— 

H(HS0 4 ),ur H a S0 4 responds to (HS0 4 )(HS0 4 ), or H 2 S 2 0 8 . 

Similar relations are seen everywhere, and they correspond to the 
principle of substitutions which I long since endeavoured to represent 
as one of the chemical generalisations called into life by the periodic 
law. So also sulphuric .acid, if considered with reference to, hydroxyl, 
and represented as follows— 

HO(SO,OH), 

has its corresponding compound in dithionic acid— 

, (S0 3 0H)(S0 2 0H), or H&O* 
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Therefore, also, phosphoric acid, H0(POH 3 O2), has, in the same 
sense, its corresponding compound in the snbphosphoric acid of 
Salfczer:— 

(P0H 2 0 2 )(P0H 2 0 2 ), or H 4 PA; 

and we must suppose that the peroxide compound corresponding to 
phosphoric acid, if it be discovered, will have the following struc¬ 
ture :— 

(HJPO*)* or H 4 P 2 0 8 = 2H 2 0 + 2PO»* 

As far as is known at present, the highest form of peroxides is met 
with in the peroxide of uranium, U0 4 , prepared by Fairley ;f while 
0s0 4 is the highest oxide giving salts. The line of argument which 
is inspired by the periodic law, so far from being weakened by the 
discovery of peroxides, is thus actually strengthened, and we must 
hope that a further exploration of the region under consideration 
will confirm the applicability to chemistry generally of the principles 
deduced from the periodic law. 

Permit me now to conclude my rapid sketch of the oxygen com¬ 
pounds by the observation that the periodic law is especially brought 
into evidence in the case of the oxides which constitute the immense 
majority of bodies at our disposal on the surface of the earth. 

The oxides are evidently subject to the law, both as regards their 
chemical and their physical properties, especially if we take into 
account the cases of polymerism which are so obvious when compar¬ 
ing C0 2 with Si«0 2 «. In order to prove this I give the densities s 
and the specific volumes v of the higher oxides of two short periods. 
To render comparison easier, the oxides are all represented as of the 
form P 3 0». In the column headed A the differences are given 
between the volume of the oxygen compound and that of the parent 
element, divided by n, that is, by the number of atoms of oxygen in 
the compound :—% 

* In this sense, oxalic acid, (COOH)», also corresponds to carbonic acid, 
OH(OOOH), in the same way that dithionic acid corresponds to sulphuric acid, 
and subphosphorie acid to phosphoric; therefore, if a peroxide, corresponding to 
carbonic acid, be obtained, it will have the structure of (HC0 3 ) 3 , or H 2 0 2 0 6 = HLO 
+ C s O§. Bo also lead must have a real peroxide, Pb 2 0 5 , 

f The compounds of uranium prepared by Fairley seem to me especially instruc¬ 
tive in understanding the peroxides. By the action of hydrogen peroxide on 
uranium oxide, U0 3 , a peroxide of uranium, TT0 4 4H 2 0, is obtained (U — 240) if 
the solution be acid; but if hydrogen peroxide act on uranium oxide in the pre¬ 
sence of caustic soda, a crystalline deposit is obtained, which has the composition 
Na 4 U0 8 4H 2 0, and evidently is a combination of sodium peroxide, Na 3 0 3 , with 
uranium peroxide, U0 4 . It is possible that the former peroxide, U0 4 4H 2 6, con¬ 
tains the elements of hydrogen peroxide and uranium peroxide, U 2 0 7 , or even 
U(OH) 6 H 2 G 2 , like the peroxide of tin recently discovered by Spring, which has 
the constitution Sn 2 0 6 H s 0 2 . . 

J A thus represents the average increase of volume for each atom of oxygen con- 
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s. 

t\ 

A. 


s. 

V. 

A. 

Na,0 .... 

.... 2-6 

24 

-22 

K„0 


35 

— 55 

M g s o 2 

S *6 

22 

— 3 

| Ca 2 0 

. 3*15 

36 

—7 

alo 3 \. .. 

.. .. 4*0 

26 

+1 "3 

ScA 

..... ... 3*S6 

35 

0 

SLA. 

.... 2 ’65 

45 

5*2 j 

LLj0 4 

.. 4*2 

33 

+ 5 

■p.,0,. 

.... 2*39 

59 

82 

8*2 

VAX 

. 3*49 

52 

6*7 

sib;. 

.... 1*96 

S*7 

Cr-A 

. 2-74 

73 

9 *5 


I have nothing* to add to these figures, except that like relations 
appear in other periods as well. The above relations were precisely 
those which made it possible for me to be certain that the relative 
density of eka-silicon oxide would be about 4*7; germanium oxide, 
actually obtained by Winckler, proved, in fact, to have the relative 
density 4*703. 

The foregoing account is far from being an exhaustive one of all 
that has already been discovered by means of the periodic law tele¬ 
scope in the boundless realms of chemical evolution. Still less is it 
an exhaustive account of all that may yet be seen, but I trust that 
the little which I have said will account for the philosophical interest 
attached in chemistry to this law. Although hut a recent scientific 
generalisation, it has already stood the test of laboratory verification 
and appears as an instrument of thought which has not yet been 
compelled to undergo modification; but it needs not only new applica¬ 
tions, but also improvements, further development, and plenty of fresh 
energy. All this will surely come, seeing that such an assembly of 
men of science as the Chemical Society of Great Britain has ex¬ 
pressed the desire to have the history of the periodic law described in 
a lecture dedicated to the glorious name of Faraday. 


LXIV.—The Dissociation of Amine Vapours. 

By G. J, Burch, B.A. and J. E. Marsh, B.A., University Laboratory, 

Oxford. 

The theory of Van t’ Hoff that there is a definite relationship'to space 
of the four bonds or affinities of the carbon-atom has received such 
remarkable confirmation from facts, that chemists have very natu¬ 
rally attempted to extend the conception to other elements, especially 

tained in the higher salt-forming oxide. The acid oxides give, as a rule, a higher 
value of A, while in the ease of the strongly alkaline oxides its value is usually 
negative. 












OF AMINE VAPOURS* 657 

those which enter into the composition of the so-called organic sub¬ 
stances. 

In making this extension, we are hound to keep in, mind' the 
principles of the original conception, namely, that the four valencies, 
of the carbon-atom are directed to the four angles of a tetrahedron of 
which the atom occupies the centre. In this hypothesis, as we 
understand it, the equality of the valencies, inter se, is represented by 
the symmetry of direction and the equal length of the vectors from the 
centre to the four angles. The consistent development of such an 
hypothesis appears to us to lead to difficulties of two kinds, the first 
arising out of the geometrical conceptions involved in it, and the 
second being met with in the attempt to extend it to other elements. 
It ascribes a perfectly distinct existence to these four bonds, so that 
in all carbon compounds we have to deal with neither more nor less 
than that number, unless we make the additional assumption that in 
certain cases the carbon-atom may lose its tefcrahedric character. 

And farther, if the tetrahedric relation of the valencies is unvary-, 
ing, It is difficult to conceive in what way the atom can be united by 
more than three of its bonds to one atom of any other element. 

‘ We meet then with the difficulty of having to explain the existence 
of such compounds as carbonic oxide, in which carbon appears to be 
no longer quadrivalent, or of certain cyanogen compounds, as for 
example the isocyanides in which the carbon-atom is either com¬ 
bined by more than three bonds to a single nitrogen-atom or 
is bivalent, R'*N=C or R'-NzeO ; so that in attempting to re¬ 
move the one objection, w T e are brought face to face with the 
other, namely, that ex hypokhesi we conceive the valency of each 
element to be constant. Such instances are rare in comparison 
with the number of bodies which fall in with the hypothesis of Yan t 1 
Hoff, but they are well known and well defined. We do not, how¬ 
ever, dwell further on this subject, hoping to attack it experimentally 
later, merely stating here that results we have obtained with the 
nitrogen-atom bear also on this matter. 

Willgerodt has brought forward the view that the nitrogen-atom 
may be regarded as having a configuration represented by a double 
tetrahedron. We have given some attention to the question of the 
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configuration of the atoms possible in the case of several elements 
and among them more particularly of nitrogen, and we have come 
independently to the same conclusion and have endeavoured to put 
the hypothesis to the test of experiment. 

Starting from the consideration that a nitrogen-atom combined 
with four or five different groups should give a compound capable of 
isomerism, and that among these isomers there are two possible, the 
form of one of which is the non-superposable image of the other, we 
have attempted to obtain such a body containing what is in fact an 
“ asymmetric nitrogen/’ and capable, one would suppose, of rotating 
the plane of polarisation to the right or to the left. The separation 
of these isomers, if they exist, we have not yet succeeded in 
effecting. 

Attacking the problem from another point of view we find that a 
space configuration such as that given above requires that we consider 
nitrogen as essentially a quinquivalent or pentad atom. We have 
then to reconcile with this view the fact that nitrogen in a large 
number of cases appears to be triad. 

We have endeavoured to find an explanation in the supposition that 
one atom of nitrogen in its apparently triad condition may combine 
by its two available affinities with another similar atom to form a 
condensed molecule, and that such molecules are readily dissociated by 
heat into the ordinary molecules containing quasi-triad nitrogen. 

To test the hypothesis, we measured the expansion of a known 
quantity of amine vapours when the temperature was raised from 
that of the laboratory to 100°, the pressure remaining constant. 

The apparatus used consisted of a horizontal tube, AB, about 
700 mm. long and 2*5 mm. in the bore, to which was attached the 
T-piece C of the shape shown in the figure. To A and C were 
fitted robber tubes with mercury bulbs, F and G, which could be 
raised or lowered as required. To the end D was attached the dis¬ 
tillation bulb E containing the substance to be experimented ppon 
in the liquid state; and this again was connected with a Sprengel 
pump. The tube AB was enclosed in a glass jacket provided with 
two thermometers, T, and tubes, S, for the supply and exit of steam. 

The apparatus having been partially exhausted, the mercury was 
caused to fill the tube AB completely by raising the reservoirs F and 
G. The clamp on F having been tightened, G was lowered and 
raised repeatedly, so as to ensure the expulsion of the air from the 
connections and the replacement of it by the amine vapours.' 

Then G having been lowered till the mercury stood just below the 
bend of the "J*-piece, F was lowered so as to draw over some of the 
vapour Into the tube AB. Then F was clamped, and the Sprengel 
‘phthp worked 1 till the mercury from G rose up the branch 1), 
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When this was done, the clamp at D was screwed tight, and F 
lowered until the mercury from C reached a convenient fixed point, 
B, in the horizontal tube within the steam jacket* 



Thus any possible condensation of the saturated vapour was 
avoided, the pressure on the enclosed gases being less than when 
they were drawn in. To make sure of this, however, the length Y„ 
of the column of gas was finally increased by about 50 per cent, by 
simultaneously lowering F and G. It may be noted here that con¬ 
densation was at once evident on increasing the pressure after the 
gas was enclosed. Lastly, the clamp on F was tightened, and the 
volume of the gas taken by measuring the length Y x of the column 
enclosed in the horizontal tube, the thermometers being read at the 
same time. 

Next, steam was passed into the jacket. During the heating, the 
mercury bulb F was lowered, and the damp slackened to permit the 
gases to expand ; when the temperature was again steady, the pres¬ 
sure was finally adjusted so as to bring the column at B to exactly 
the same mark as before, all the adjustments being performed with 
F, so that neither the bulb C, nor the clamp upon its tube, was 
touched during the whole experiment. After measuring the volume 
Y 3 at this higher temperature, as a further check upon the results the 
pressure in G was again lowered in some experiments, and the 
mercury brought back by means of F to its original position at B, 
and the increased volume V 3 once more taken. 

Lastly, the steam was turned off, the apparatus allowed to cool, 
and a final measurement of the volume V 4 at the temperature of the 
laboratory was made. 
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It will be observed that the horizontal direction of the column of 
mercury at its upper extremity, and the fixed position of the bulb G, 
enabled ns to secure with great accuracy the same pressure for each 
pair of measurements. The smallness of the volume operated upon 
is, however, an objection which will be remedied in our next 
apparatus. 

Several blank experiments -were first made with air to test the 
accuracy of the method, and the average error was found not to exceed 
0**5 per cent, in the expansion between 17° and 100°. 

Then we introduced various amines into the bulb E, and now- 
obtained on heating an expansion of 5 or 6 per cent, above the normal. 

NText, we substituted ether vapour for the amines when the 
abnormal expansion to a great extent disappeared—though not com¬ 
pletely. This we ascribed to the difficulty of freeing the apparatus 
of the amines, the scent of which hung about the rubber connections 
in spite of repeated exhaustions. Finally, we operated on a solution 
of pure monethylamine in ether dried over potash, when the 
abnormal expansion re-appeared. 

The equivalence of VqP 0 to at the temperature of the 

laboratory, and of V 2 P 3 . to V»P 3 at 100° proved that at each of 
these temperatures the vapour of the amines obeys Boyle’s law; 
while the equivalence of V^ to V 4 P 4 showed that the heating caused 
no permanent increase of volume. But a comparison of V i5 P 2 , ti 
and Vi, P 2 , t% showed that there was an increased expansion of the 
amine vapours which was not observed in the case of air or ether. 

The following are some of the results :— 

No. 1 .—Test Experiment with Air. 

Pressure = 264 mm. 

Volume at 13*5°... V x = 199*0 

Volume at 100° . V 2 = 257*7 observed. 

259*08 calculated. 

Here the error is about | per cent. 

No. 2.— Mixture of MonoDi- and Tri-ethylamine in Aqueous Solution. 

Pressure = 148 mm. 

Volume at 15°. V x = 159*0 

Volume at 100° . V 2 = 234*0 observed. 

205*9 calculated. 

This experiment gave an abnormal expansion of about 12 per 
cent. ■ 
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No, 3 .—The same as in No. 54. 

Pressure = 383 mro. 

Yolume at 15° ... Y x = 148*0 

Yolunie at 100°_ ..... V* = 207*25 observed. 

191*68 calculated. 

Pressure lowered to 263 mm. 

Yolnme at 100° . Y 3 = 300 

Y 2 P 3 : Y 3 P 3 = 78898 : 78900. 

The abnormal increase was about 7| per cent., but tlie pressure 
was not so low. 

ISTo. 4 .—The same Mixture of Amines dried over Potash. 
Pressure = 173*5 mm. 

Yolnme at 13*5°. Y x = 121*0 

Yolume at 100° .. Y 2 = 167*0 observed. 

157*5 calculated. 

On cooling, volume at 17 = 122, i.e., = 120*53 at tbe original 
temperature. Abnormal expansion of 6 per cent,, with return to the 
original volume within the instrumental error. 

No. 5 .—The same as No. 4. 

Pressure not noted, but about 250 mm. 

Yolume at 16*5°. V x = 183*0 

Yolume at 100°. V 2 == 250*0 observed. 

235*8 calculated. 

Abnormal expansion of 6 per cent. 

No. 7 .—Monethylamine in Aqueous Solution. 

Pressure 398*5 mm. 

Yolume at 17° . V x = 200 

Yolume at 100° ... Y 2 = 272 observed. 

257 calculated. 

Abnormal expansion of nearly 6 per cent. 

No. 8 .—Test 2Experiment with Ether Vapour. 

Pressure = 389 mm, 

Yolume at 17° ......... . Y* == 195*0 

Yolume at 100° ......... Y 2 — 253*5 observed. 

250*4 calculated. 

Error about 1*2 per cent.; but the mercury smelt of ethylamine. 
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No. 9.— Test Experiment tenth Ether after Continuous Exhaustion and 

Heating of the Tube. 

Pressure 697 mm. 

Volume at 15*0, V 0 = 135 V 0 P 0 = 94095 
Pressure 452 rum. 

Volume at 15*5, V 1 = 209 = 94120 

Pressure 452 mm. 

Volume at 100*5, V 2 = 278 V 2 P 2 = 125755 
Pressure 363 mm. 

Volume at 100*5, V 3 = 347 V 3 P* = 125961 

Observed volume at 100*5 = 278 
Calculated „ = 271 . 

The error was larger than in the previous case; but after, tlie 
experiment, on cooling down to 17°, the observed volume was within 
1 per cent, of the calculated, and the mercury still smelt strongly 
of ' the amine. ■ 

No. 10 .—Monethylamine Dissolved in Ether , dried over Potash. 
Pressure = 379*5 mm. 

Volume at 17°.... . V t = 200*0 

Volume at 100 c .. V* = 267*0 observed. 

257*2 calculated. 


Pressure 291*5 mm. 

Volume at 100° . V ;J = 349*5 

Volume at 18° . V 4 = 263*5 

Relation of final volume at 18° to original volume at 17° reduced 
to same temperature and pressure = 1 : 1013583. 

The relations V 0 P 0 ; V^ at 15° and V 2 P 2 : V 3 P 3 at 100° also varied 
only by about 1 per cent. 

The abnormal expansion was in this case nearly 4 per cent, between 
17° and 100°. 

The above experiments seem to show that to some extent, at least, 
the vapour of ethylamine breaks up when heated from 17° to 100° 
into a larger number of molecules. Similar abnormal expansion has 
been observed in bodies which must be regarded as completely satu¬ 
rated in the single molecule—but in all these eases polymerisation is 
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structurally possible, and we think that in the nitrogen compounds it 
is necessary, if we are to extend Yan t* Hoff’s hypothesis to them. 

Wurtz, who investigated methyl amine and ethylamine {Ami. Oln'm. 
Phj/s. [8], 80, 467) was unable by ordinary means to determine their 
vapour-density. 

Izarn, to whom he referred the matter, employing a new method, , 
measured the vapour-density of the two amines at different, 
temperatures and pressures, and found in every case a greater value 
than that required by theory. Thus, at 35*81° and 1128 mm., 
the density of ethylamine was 1*6027 observed, as against 1*5568 
calculated. Izarn, however, did not experiment at temperatures 
lower than 27°, or higher than 56°. Our own observations made 
at pressures of from ^th to -|rd of that employed by him in the 
experiment quoted, by showing an abnormal expansion to take place 
on raising the temperature from 17° to 100°, seem to indicate that 
the specific volume of the vapour is a function not so much of the 
pressure as of the temperature, and it is on this that the hypothesis 
which we now put forward is founded. 

The equality of the four valencies of carbon, which has been 
sufficiently established by experiment, is well represented by the 
symmetry of the tetrahedron, and we must suppose that a rise of 
temperature affects them all equally. Carbon, therefore, unless in 
combination with an element which is not symmetrical in its space 
relations, must be tetrad at all temperatures. This property it can 
only have in common with those elements which can be represented 
by the five regular solids, the valencies of which ex hypothesi must be 
4, 6, 8, 12, and 20, corresponding to the number of the solid angles 
of those bodies. It is impossible, therefore, to find a geometrical 
representation for diad, triad, and pentad atoms which shall be 
symmetrical in three-dimensional space, and it becomes almost a 
necessary consequence of Yan t’ Hoff’s hypothesis when we attempt 
to extend it to the nitrogen-group, that we should have, two of the 
valencies different in value from the other three. Moreover, this 
difference would be manifested above a certain critical temperature, 
but would probably disappear below it, and, further, the union of an 
element of strong affinity with one of the valencies might render the 
other four equal with respect to atoms of weaker affinity. 

With regard to the latter supposition, representing the pentad 
atom by a double tetrahedron, if we suppose one angle taken up, for 
instance, by chlorine, the remaining four are symmetrically situated 
with respect to one point within the atom, and may be saturated by 
four equal atoms or groups as in the ammonium, phosphonium, and 
arsonium salts. 

The effect of certain elements’ in weakening the bonds of other 
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elements is a matter of ordinary observation (see Yan t s Hoff, “ La 
Cliimie dans 1’espace ”). Compare, for example, the relative strength 
of the affinity between two carbon-atoms when combined with 
hydrogen, oxvgen, or nitrogen, e.gr., CH 3 —CH 3 ; CH 3 —COOH ; 
COOH—COOH; CH 3 —CH; CH—CH. 

Again, the action of heat in weakening chemical affinity is also a 
matter of common experience. Thus, mercury, cadmium, and zinc in 
the gaseous state have no affinity in respect to atoms of the same 
kind, whilst iodine vapour exhibits the same phenomenon at high 
temperatures. 

How, as regards the nitrogen-atom, it appears that in contrast to 
carbon it is the hydrogen and hydrocarbon groups which weaken 
the affinity between nitrogen-atoms. Thus, we have H0 2 —N0 2 , but 
not HH r —NE 43 nor HH 3 ZlHH 3 , at ordinary temperatures. 

Hence, in the case of the amines, the bonds uniting the nitrogen- 
atoms in the double molecule will probably be extremely weak, and 
likely to be destroyed even at a comparatively low temperature. It 
is interesting in this connection to recall the fact that Hofmann 
(Her., 3, 112) found that it was practically impossible to separate the 
three ethyl bases (mono-, di-, and tri-ethylamine) by distillation, in 
spite of there being an interval of some 40° between the boiling 
points of ethylamine and diethylamine, as well as between those of 
diethylamine and triethylamin e. How, it is conceivable that in such 
a mixture a molecule of one amine may unite with a molecule of a 
different amine to form a compound more stable than if both 
molecules were precisely similar, and capable accordingly of being 
volatilised to a certain extent without being dissociated. 

In conclusion, we would say that, in our opinion, the nitrogen-atom 
is essentially pentad, and that when we find it triad we have to deal 
with molecules which have been dissociated, and in which the two 
available bonds of the nitrogen-atom are too feeble at the temperature 
of observation to enable two molecules to hold together. 

We hope to continue our experiments as to the valency and space 
configuration of the nitrogen-atom and other atoms. 
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LXV .—The Resin of Myoporum Flaiycarpum . 

By J. H. Maided, F.L.S., Curator of tlie Technological Museum, 

Sydney. 

A veritable natural sealing-wax is yielded by a small tree which is 
found in the interior of Australia; it occurs in the more arid portions 
of all the colonies, except Queensland. The tree is My oporum platy - 
carpum , R. Br., and it possesses a variety of local names, such as 
“ Sandalwood,” u Dogwood,” and “ Sugar treethe latter because 
a manna exudes from it which is greedily sought after b} r the blacks, 
and is likewise much appreciated by colonists. It yields a resin, 
which is used by the aboriginals as a substitute for pitch and wax; 
for example, they use it either alone, or mixed with fat, to cement 
the stone heads of their tomahawks to the fibre which joins them 
to the stick forming the handle. As has been already hinted, it 
forms a natural sealing-wax, and is sometimes used by people in the 
interior for this purpose. It would probably serve as a constituent of 
black sealing-wax ; alone it is too soft for keeping in this climate. 

It sometimes occurs in great quantities on the stem, is hard and 
brittle, breaks with a glassy fracture which is at first of a purple or 
indigo colour, but becomes brown on keeping. Often it may be 
picked np from nnder the trees in rounded or globular pieces. 

Two samples have come into the writers hands, and a few notes 
concerning them will doubtless be interesting. The first, from the 
Lachlan River, New South Wales, is in small rounded lumps usually 
weathered on the outside, and having a pleasant empyreumatic odour; 
these are of a dark reddish-brown colour, fly with the slightest 
touch of the pestle, and are easily powdered. The resin has a bright 
fracture, which appears almost black, but shows reddish-brown at 
the edges. It softens even with the warmth of the hand, and if kept 
in a bottle, the heat of an average summer day is sufficient to fuse 
pieces presenting fresh fractures. 

It presents some external x^esemblance to guaiacum resin (especi¬ 
ally when that substance comes to market in small lumps), but it is 
not so green in colour as the latter. It has no taste. Cold water 
has no effect on it, but if the water be heated the resin melts and 
floats, forming a liquid much resembling tar, but of a purplish- 
brown colour. The water remains clear, colourless and almost 
odourless. 

. Light petroleum dissolves 46*8 per cent, of a reddish-brown resin, 
destitute of odour. Alcohol dissolves from the .residue 28*1 per cent, 
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of a deep reddish-brown resin, which is almost black by reflected 
light. 

The residue was boiled in water and 1*7 per cent, of saline matter 
was extracted, while 23*4 per cent, of accidental impurity was left 
behind. This is of a chocolate colour, and under a fens was seen to 
consist of a little ligneous matter, with a large percentage of in¬ 
organic impurity. It was quite free from gum. 


Summary. 

^-H-esin soluble in light petroleum . 46*8 

/I- „ „ alcohol. 28*1 

Saline matters... 1*7 

Accidental impurity. 23*4 


100*0 

The crude resin melts at 90*5°. In contains no tannic acid. 

The second sample was procured from Fetal lie, Wilcannia, Few 
South Wales. It presents no marked points of difference, as regards 
physical appearance, from the preceding one. On treating it with 
alcohol, the liquid is not so dark as that yielded by the preceding 
sample, neither is the colour so rich. It resembles tawny port, but 
is a little darker. 

Light petroleum extracts 48*6 per cent, of resin, and alcohol 
added to the residue extracts 36*4 per cent. 


LXYI .—The Lowering of the Freezing Faint of Sodium hy the Addition 

of other Metals . 

By 0. T. Heycoce, M.A., and F. H. Neville, M.A. 

In a preliminary note communicated to the Society on March 21st, 
1889, and published in the Proceedings, JSTo. 65, p. 41, we drew 
attention to the lowering of the freezing point of tin produced by 
the addition of small quantities of other metals. Since then we 
have examined the behaviour of alloys of tin with sodium, gold, 
bismuth, and thallium, and have re-examined zinc through a long 
range. The accompanying table gives ■ a summary of our 1 results, 
using tin as a solvent.,, ’ 
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Table I .—Fall produced in the Freezing Faint of Tin by dissolving 
one Atomic Weight of Metal in 100 Atomic Weights of Tin (that 
is 11,800 parts'). 



Melting 

points 

(Carnelley). 

Atomic 

weight. 

Atomic 

fall. 


Sodium. 

95*6 

23 

2*5 


Aluminum .... 

700*0 

27 

1*34 

Different examples of 

Copper . 

1054 *0 

63 

2*47 

A1 used. 

Zinc.: 

j 433 *0 

65 

2*53 

; 

Silver... 

| 954*0 

108 

2*67 


Cadmium ..... 

320*0 

112 

2*16 


Antimony..... 

432 *0 

120 

rise 2 *3 


Gold . 

1045 *0 

197 

2*80 


Mercury. 

39*0 

200 

2*3 


Thallium, .... 

294 *0 

203 

2*6 


Lead ......... 

32G *0 

208 

2*6 


Bismuth.. 

268 *0 

210 

2*10 



In a future communication we hope to give full details of these 
experiments, and to show to what extent these atomic falls remain 
constant with increasing concentration. 


Sodium as a Solvent\ 

Method of Experiment, —The crucible in which the solvent was 
melted, except where otherwise stated, consisted of a cylinder of cast 
iron, 6—8 inches high, and 5 inches diameter. In the axis of this 
cylinder a hole was bored, from 1—2 inches diameter, and about 
4 inches deep. Within this hole, an annular iron stirrer worked up 
and down by means of a small water motor—both the length of 
stroke of the stirrer and its rate of motion could be vailed. The 
block rested on a double ring gas burner, and its rate of cooling was 
controlled by the use of asbestos cloth wrappings and covers. The 
rate of cooling was usually about a degree in two minutes. 

The thermometer, made by Mr. Hicks of Hatton Garden, was 
graduated in an arbitrary scale of millimetres, 10 mm. corresponding 
nearly with 1° 0. As the readings were all made with a telescope, 
the temperatures could be read to nearly y^-th of a degree. The 
zero of this thermometer had been fixed by long annealing in oil 
according to the method Mr. Hicks adopts; this precaution, though 
not so necessary for low temperatures, is indispensable for working at 
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high temperatures. Wlien tin is used as a solvent, the zero of 
common thermometers changes during the course of a few hours. 

The bore of the thermometer was carefully calibrated, and found 
to be slightly conical; the correction due to this was plotted, and has 
been applied to all the temperatures we give, but we have accepted 
the fixed points sent with the thermometer, so there may be a small 
+ error which, owing to the nature of the experiments, is unim¬ 
portant. During the experiments, the thermometer was clamped in 
the axis of the cylinder, and raised about a millimetre from the 
bottom of the hole, so that the stirrer worked round it along the 
whole length of the bulb. In making an experiment, solid paraffin 
was first placed in the crucible, and then a weighed quantity of 
sodium from 20—30 grams (iu large sticks) was dropped in, the 
molten paraffin forming a layer about 0*5 inch thick above the sodium 
prevented loss by oxidation or splashing. The crucible was raised 
well above the melting point of sodium, and allowed to cool slowly 
whilst constantly stirred. 

The thermometer was always observed to fall steadily, and then 
suddenly to rise through a short range of temperature from 1—2° C., 
it then remained stationary for several seconds or even a minute. 

The highest temperature reached during this surfusion was taken 
to be the freezing temperature of the metal or alloy; determined in 
this way, the freezing points of most alloys are extremely constant. 

At temperatures near its freezing point, and even up to 250°, sodium, 
unlike tin, dissolves only a £ew r metals; thus, Au, Li, K, Hg, Tl, and In 
dissolve freely, Pb and Cd very sparing^, whilst we have not suc¬ 
ceeded in dissolving at present appreciable quantities of other metals, 
such as Zn, Sn, Al, Mg, Ag, Pt, Pe. Tin even when fused with 
sodium fails to give a true solution. 

The method adopted for testing the solubility of metals was to fuse 
the sodium under paraffin in a test-tube, aud then to add small 
quantities of the metal in fine division, the temperature being raised 
to the boiling point of the paraffin. When cold, a clean piece of the 
sodium was thrown into absolute alcohol when any dissolved metal 
separated out in a fine powder, generally in minute crystals. 


Effect of Gold on the Freezing Point of Sodium. 

Ignited precipitated gold dissolves very readily at temperatures a 
few degrees above the melting point of sodium. The freezing point 
after each addition of gold was determined twice, the temperatures 
rarely showed a difference of a tenth of a millimetre. 
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Table II ,—Gold in Sodium. 1st Series. 


Expt. 

num¬ 

ber. 

Wt, Na, 

Wts. of 
Au 

added in 
succes¬ 
sion. 

Temps, 
of freez¬ 
ing point 
in 0° 0. 

Atoms of 
Au per 
100 

atomsNa. 

Atomic 

fall. 

Remarks. 

(1).... 

26 *00 

__ 

97 *47 




(2).... 

>} 

0 -2536 

96 *85 

0*113S 

5 *45 


(3).... 

„ 

0 *1895 

96*51 

0*1989 

4 *87 


(4).... 


0-2157 

96*07 

0*2957 

4*74 


(5).... 

JJ 

0*3468 

95*39 

0*4514 

4*61 


(6).... 


1 *1438 

93 -09 

0 *9655 

4*536 


(7).... 

JJ 

0 *8844 

91 *29 

1*363 

4 * 535 


(8).... 

33 

0 -6522 

89 *96 

1*6562 

4 o3.i 


(9).... 

33 

1*0145 

87*91 

2 *1122 

4*525 


(10).... 

3 J 

0*9388 

86 *07 

2-5343 

4*5 

F. P. rather uncer¬ 
tain until a nucleus of 
solid alloy was used to 
determine solidifica¬ 
tion. 

(11).... 

3 9 

1*0352 ! 

83*89 

3*0 

4*53 


(12).... 

33 

1*008 

81*92 

3*453 

4*518 


(13).... 

33 

0*9630 

82*1 


! j 

t 

Temperature remain - 
1 ed stationary till whole 
alloy solidified. 

(14).... 

33 

0-261 

82*0 

— 

J - 

1 Raised to 155'. 

(15).... 

33 

0-481 

82*1 

2nd Seriei 

3. 

1 


(1).... 

| 20*425 j 

— j 

97 *44 

— 

_ | 


(2).... 

i, >3 

2*1 

l 91 *99 

1*2 

4*51 ! 


(3).... 


1 -316 

: S8*59 

1*953 

4*53 


(4).... 

1 

JJ 

1 

3 -067 

6*483 i 

82*1 1 

3 *705 

4 *14 



Sodium being now more than saturated with gold, additional sodium 
was added to dilute the solution. 


(5).... 

23 *565 


82 *99 

3*211 

4*50 


(6)«* * * 

25 *160 


83 *99 

3*022 

4*45 


(7).... 

27 *205 


85-03 

2-781 

4*46 


(8) ». *« 

29 *86 

jj 

86-14 

2*534 

4 *46 


(9).... 

31*705 

jj 

86*5 

2*390 

4*43 ; 


(10).... 

35 *015 

jj 

87 *75. 

2-161 

4 *48 ! 


(11).... 

39 *025 

! 

jj 

88*75 

1*94 

4*48 ! 



100 atomic weights of sodium will therefore keep in solution about 
3*5 atomic weights of An. Hence this represents the fully saturated 
solution of gold in sodium. The behaviour of a solution of gold in 
sodium appears to he .very like that, of a weak solution of sodium 
chloride in water {of. Guthrie, Phil. Mag. [4], 46). 


3 a,2 
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The minimum temperature of 81'92° is singularly constant when 
readied, remaining stationary until the whole mass has solidified. 

Properties of the Sodium Gold Alloys . 

When the alloys are treated with alcohol, gold is precipitated in 
very fine needles. In appearance, the solid alloys resemble sodium, 
though slightly whiter in colour. They are somewhat harder to cut 
with a knife than ordinary sodium, and the cut surfaces oxidise much 
more rapidly, probably owing to the action on the moisture of the 
air of the couple formed by the gold and sodium. 

An alloy obtained by diluting with sodium the fully saturated 
sodium and gold alloy solution ivas analysed by adding weighed 
portions of the alloy to alcohol, titrating with normal HC1 for sodium, 
washing, and weighing the gold. 

Two analyses gave a mean result— 


Found. 

Au ...... ■ 15*00 

Xa . 85*03 


100*03 

It appeared of interest to ascertain whether this alloy would remain 
homogeneous when kept fused for some time, notwithstanding the 
enormous difference in the densities of gold and sodium. 

For this purpose a test-tube was filled with the alloy, and kept at 
130° for 48 hours under paraffin; It was then rapidly cooled, and 
after solidification portions were cut off from each end of the cylinder 
(which was about 4 inches long), and analysed as before. 



Found. 

Calculated from 
weights of 

Na and Au used. 

Top of cylinder, jSTa . 

... 85*33 

85*75 

*, An . 

... 14*16 

14*25 


99*49 

100*00 

Middle of cylinder, Na . 

... 84*89 


„ •» An . 

... 14*60 


Bottom of cylinder, Na . 

• 99*49 

... 84*49 


„ ,, ■ Au . 

... 14*60 



99*49 



The defect in each ease is due to-traces of paraffin intermixed with 
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the alloy. It thus appears that when fused no separation of the metals 
takes place. 

The relative density of this alloy taken in naphtha was found to 
he 1T52; assuming the composition to he Na 85 per cent., An 15 pei 
cent., and that no change of volume takes place on mixing, the calcu¬ 
lated density is 1T41. Hence the density of the alloy is a mean of 
the densities of its components, which perhaps indicates that the 
solid alloy is a mixture. This view is borne out by the comparatively 
large size of the crystals of gold which separate out when the alloy 
is treated with alcohol. As the full investigation of the physical 
and chemical properties of this alloy would have taken us away from 
our main subject, we defer the repetition and further verification of 
these results for a future paper. 


Table III .—Thallium dissolved in Sodium, 


Expt. 

num¬ 

ber. 

Wt. Na 
taken. 

Wts. of 
thallium 
added 
in succes¬ 
sion. 

Freezing 
point of 
solution. 

Number 
atoms T1 
per 100 
atoms Na. 

Atomic 

fall. 

Remarks. 

I. 

22*53 


. 

97-46 

_ 

_ 


(2).... 


0-3277 

96 *81 

0*164 

3*93 


(3).... 


0*4805 

95 *81 

0*408 

4*044 


(4).... 

! f) 

0 *3525 

95 *04 

0*635 

3*81 

! 

(5).... 


0*3355 

94*34 

0*753 

4*143 

] Na raised to 180' be¬ 
fore adding this por¬ 
tion of Tl. 

<«)•••• 

i »j 

0*6515 

93 *05 

1*033 

4*269 : 


(7).... 


0*6620 

91 *65 

1*41 

| 4*120 : 


(8).... 

! » 

jj 

1*8915 

87 ‘3 

2*36 

4*728 

Raised to 150". 

(9).... 

' 1*561 

83 *64 

3*14 j 

4*401 


(10).... 

>5 

i 1*280 

80*745 

3*783 i 

■ 4*683 


(11).... 

V 

! 1*2015 

77 *87 j 

4*384 

1 

: 4*468 - 

Raised to 145“. 


Thallium dissolves in sodium very readily, as it is only necessary 
to raise the sodium about 20° above its freezing point to dissolve 
rapidly a lump of thallium weighing a gram or so. The extent to 
•which this lowering is continued has not yet been determined, as we 
have not at present a thermometer with a sufficiently open range. 

It is remarkable that thallium which is so nearly related to the 
alkalis on the one hand is readily soluble in sodium, whilst lead, the 
other element to which it is nearly equally closely allied, is almost 
insoluble in sodium. 

When the mercury was added to the molten sodium,' a con¬ 
siderable' evolution of heat and light took place. It is worthy of 
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Table IT .—Mercury dissolved m Sodium. 


Espt. 

num¬ 

ber. 

Wt. Na 
taken. 

Wts. of Hg 
added hi 
succession. 

Freezing 
point of 
solution. 

Number 
of atoms 
of Hg per 
100 atoms 
Na. 

Atomic 

fall. 

Remarks. 

(!)•••• 

32 *47 


97 *47 

_ 

__ 

Raised to over 200'’ 

(2).... 

JS 

0*5605 

96 *6 

0*19S6 

4*38 

(3).... 

J» 

0*7410 

95*38 

0 *4609 

4 *534 


(4).... 

J» 

j 0 ’5740 

j 94 *46 

0*6643 

4*531 


(5).... 

Jj 

i 0*5170 

! 93*64 

0*847 

4*519 

; 

(<?)•■•• 

3} 

j 1*771 

; 90 *93 

1 *475 

4*43 

i 

(?)•••• 

i S3 

1 4 *950 

83*35 I 3*228 

Another Series. 

4*374 


(!)•••■; 

20 *13 

— 

97*49 

— 

1 — 


(2)....| 

jj 

■ 0*5859 

95 *95 

0*335 

| 4*6 


(3) • • ■ • ; 

i 

1*4938 

92 *25 

1*189 

i 4*4 



Table T .—Mixture of Thallium and Mercury dissolved m Sodium. 


Expt. 

num¬ 

ber. 

Wt. of 
sodium 
added suc¬ 
cessively. 

Wt . of 
thallium 
added suc¬ 
cessively. 

Freezing 
point of 
solution. 

* dumber 
of atoms 
XI per 100 
Na. 

Total 
number of 
foreign 
atoms. 

Atomic fall. 

(1).,... 

1 " 

20*13 




Hg + Tl. 


(2). 

4 - 2 ‘08 Hg. 

S3 

1*0425 

92*25 3 

89*86 

0*585 


4*4 

due to Hg. 

, 4*09 

m . 


1*163 

86*97 

1*237 


due to XI. 
4*27 

(4). 

+ 7 *53 

i _ ! 

90*10 

0 *9006 

1*765 

due to XL 
4*19 

(5). 

(total Na 
' 27*66). i 

33 

1 

' 

: 0*8205 

88*61 

1*235 

i 

2 *136 

due to both 
XI and Hg. 
4*16 

(6). 


1 1*27 

86*29 

! 1 *795 

2*66 

due to both 
T1 and Hg. 
4*20 

(7).,... 

3? 

: 1*122 

84*2 j 

2 *252 

3*117 

4*26 




i , 


due to both 
' Hg and XL 


not© that the atomic falls do not indicate , in any way the formation 
of a chemical compound as might he anticipated. Had the mercury 
after addition appropriated a portion of the solvent, it should have 
made these atomic falls (?) increase as the number of atoms,of solvent 
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diminished. It seems not unreasonable to suppose that a compound 
may be formed at first and dissociated afterwards through the great 
dilation of the solution. 

At present we have made scarcely any experiments with mixtures 
of, three elements. 

To the solution of mercury in sodium, Table IY (Experiment 10), 
thallium was added. 


Table VI .—Cadmium dissolved in Sodium . 


Expt. 

num¬ 

ber. 

Wt. Na 
taken. 

Wfc. of 
cadmium 
added in 
succession. 

Freezing 
point of 
mixture. 

N timber 
of atoms 
of Cd per 
100 atoms 
Na. 

Atomic 

fail. 

Remarks. 

a). 

21*07 

0*0 

97-49° 

___ 

_ 


(2). 


0 *0995 

97*11 

0 -0969 

3*92 

Raised to 260°. 

(3). 


0 *102 

96 *75 

0*1964 

3*74 

Raised to 260°. 

(4) ..... 


0*0940 

96 *42 

0*288 

3-72 


i 

si 

0*1055 

96*04 

0 *3908 

3*71 


s . 

St 

0 *0792 

95 *83 

0 *4681 

3*55 


V ). 


0 *078 , 

95*54 

0*5441 

3*584 

Raised to 240°. 

to. 

jj 

0*100 

95*431 

0 *6475 

3 *173 

Raised to 240° be¬ 
fore determina¬ 
tion of freezing 
point. 

m . 

ss 

; 

0*194 

95 *43 

0 *8365 


Raised to 260° be¬ 
fore determina¬ 
tion of freezing 
point. 


Cadmium dissolves but slowly in sodium, and it is necessary to 
raise the temperature after each addition of cadmium very con¬ 
siderably. 

The table shows that the solution became fully saturated at the 
temperature of 95*43° when it contained 0*7642 gram of cadmium 
(total weight added, experiments 2—8 inclusive), that is, 3*05 per 
cent, cadmium. 

Beyond this, further addition of cadmium ceases to produce any 
effect. 

The introduction of small masses of potassium is attended with 
almost unavoidable loss byjy^Htion. This w as dimi akfied as far as 

possible by cutting the^A.. , .uas-u w l!'^^ , msin into which a brisk 

current of dry carboif ®xide was passed; the potassium was then 
weighed in -aT tube full of carbon dioxide. We intend shortly to 
investigate further the action of potassium on sodium to see if the 
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lowering holds good for considerable percentages of potassium, 
especially the behaviour of the liquid alloy. 


Table VII .—Potassium dissolved in Sodium , 


Expt. 

number. 

! 

! 

' m. Na 
taken. 

i 

m. of k 
added 

successively. 

Freezing 
point of 
solution. 

Number of 
atoms Iv 
added per 
100 atoms 
Na. 

Atomic fall. 

(!)****•• - 

34'*83 

0*0 

97-49° 



(2). 

J5 

0*160 

96*52 

0 *2708 

3*58 

(3). 

3 ) 

0*601 

92*88 

1*288 

3-58 

(*). 

is 

0*744 

88*81 

2-547 

3*408 

(5). 

33 

0*536 

85*93 

3 *455 

3*345 

Another Series, using an Atmosphere of Nitrogen without Paraffin. 


75-9 

0*0 

97 -14 

_ 

__ 


33 

0*204 

96*53 

0*158 

3-85 


41-87 

. ■ 

97-5 

__ 



3} 

0*1023 

96 *99 


3-45 


Silver in Sodium. 

Since silver even when finely precipitated (Stas* method) is practi¬ 
cally insoluble in sodium at temperatures near its freezing point, an 
attempt was made to dissolve the silver in mercury and then to add 
this amalgam to the sodium. The silver would probably under these 
circumstances be in a favourable condition for solution. 

26*64 grams sodium, freezing point 97*49°, were taken, and to this 
an amalgam of 0*201 gram of precipitated silver dissolved in 
2*16 grams mercury was added. Freezing point of mixture 92*2° 
and 92*11°. Calculating the effect produced by the mercury alone 
(from Table IV), the lowering should have been 92*19. Hence 
we conclude that silver is insoluble in sodium, and that the amalgam, 
behaved like a solution of a resin in alcohol when thrown into water, 
the silver being precipitated. ■ Silver, even when heated strongly in a 

test-tube with sodium, did notxlissolve. 

\ 

Zinc in Sofimm. 

missis 

Zinc was treated in the s&s&eis, by amalgamating 
with mercury, but like the silver in the foregomg'''#.?periment it pro¬ 
duced no effect, the fall being almost exactly accounteti'vf^r by the 
action of the mercury aliment ^ 
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Lithium in Sodium. 

Of all tlie metals, lithium, on account o£ its extremely low atomic 
weight, presents the greatest interest. Unfortunately, however, it is 
exceedingly difficult to work with in presence of sodium; even at 
100° it oxidises with great rapidity and attacks the iron blocks. 
Further, on account of its very low specific gravity, it is impossible 
to use more than a film of paraffin over the sodium, otherwise the 
lithium floats, and never comes in contact -with the sodium. 

After the loss of a considerable portion of lithium, these difficulties 
were partly overcome by placing a wide test-tube in the iron block 
and melting the sodium in it. Through the cork of the test-tube 
the shaft of a glass stirrer, the thermometer, and a small tube were 
passed. A trace of paraffin was added, a good stream of nitrogen was 
then passed in, and the sodium raised above the melting point of 
lithium (180°). A weighed piece of lithium was then thrown in and 
rapidly stirred, and the temperature reduced as quickly as possible. 
The preliminary experiments are omitted as worthless. 


Table YTII .—Lithium dissolved in Sodium * 


Expfc. 

number. 

Wt. of Na 
taken. 

Wt. of 
lithium 
added. 

Freezing 
point of 
mixture. 

Number of 
atoms of Li 
per 100 N a. 

Atomic fall. 

I.. 

II. 

21-27 

0-0778 

97*55° 

96*06 

1*2 , 

1*24 

Ill. 


0 *0348 

95*46 

1 *74 

1*11 






Lead in Sodium . 

Lead dissolves very sparingly indeed in sodium even when the 
temperature is raised considerably. 

Thus 31*6 grams of sodium, f. p. 97*69°, after addition of 0T2I5 
gram of lead, had a freezing point 97*39°. This gives atomic fall of 
4*6, Further addition of 0*1465 gram of lead produced no further 
fall in freezing point. 
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Table IX .—Indium in Sodium . 


Expt. 

number. 

Wt. of Na 
taken. 

Wts. of In 
added in 
succession. 

Freezing 
point of 
solution. 

Number of 
atoms of In 
per 100 
atoms of Na. 

Atomic 

fall 

a). 

23 *0 

_ 

97*6 



(2). 

jj 

0*0303 

97*51 

0-0267 

3-37 

(3). 

5 9 

0-0576 

97-31 

0-0774 

3-75 

(4). 

91 

0-1472 

96*32 

0-2072 

3-765 

(B) . 

59 

0 *24S9 

96*11 

0-4267 

3-49 

(6). 

55 

j 

0 -1370 

96*09 

— 

— 


To this saturated solution sodium was added. 



Wts. of Na 

Total 





added in 

indium 





succession. 

present. 




(7) . 

3 *88 

0*621 

96*09 

— 

— 

(8). 

1*43 

59 

96-1 

—- 

— 

(9). 

2-00 


96*14 

0-4155 

3*51 

(10). 

3 "00 

>} 

96 -27 

0-3783 

3*51 

(11). 

4*00 

» 

— 

0*3376 

3*55 


Indium dissolves easily in sodium. 


Potassium as a Solvent . 

Potassium lias been used for a few metals only. The atomic falls 
are approximately as follows:—Na 1*6, Au 1*8, T11*7. 

We intend to continue our researches, and hope to be able soon to 
communicate the results to the Society. 


Sidney College Laboratory, 
‘Cambridge . 
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LXVII.— The Alloys of Lead, Tin , Zinc , and Cadmium . 

By A. P. Laurie. 

Ia former paper (' 8 Trans./ 1888, p. 88), I have described the be¬ 
haviour of copper-zinc and copper-tin alloys in a voltaic cell, and 
deduced from their behaviour that the metals combine with one 
another, forming respectively a compound of the formula Cu 3 Sn and 
ZnvjCu. 

The above metals are grouped together by Matthiessen as im¬ 
parting to their alloys their physical properties in the proportion in 
which they are mixed one with another. It is, therefore, probable 
from this that they do not form compounds one with another, but 
are merely mixtures. If this view be correct, the electrometer should 
detect the more positive metal when the alloy is used in the voltaic 
cell in place of the zinc plate, even though the quantity of the more 
positive metal present be very small. 

The first alloys experimented on were the lead-tin alloys. Un¬ 
fortunately there is very little difference in potential between lead 
and tin, and it was necessary in consequence to use ten cells in series. 

The alloys were made of the best grain tin and of assay lead, well 
mixed and cast in an iron mould in the form of thin plates. The cell 
used consisted of the plate of alloy, a slightly-acid solution of 
stannous chloride, and a lead plate coated with lead chloride. 

The alloys made up contained (a) 1 per cent, of lead; (5) 10 per 
cent, lead ; (c) 50 per cent, lead ; and (cl) 70 per cent, of lead. 

The E.M.F.’s obtained were as follows :— 

Pure tin 0*035 volt; (a) alloy 0*015 volt; (5) alloy 0*020 volt; 
(c) alloy 0*015 volt; (d) alloy 0*015 volt. 

It will be seen from this table that, whilst the introduction of 
1 per cent, of lead modified the E.M.F. of the cell, the introduction of 
more lead had no further effect, and that there is therefore no 
evidence as far as the electrometer can show of the existence of a com¬ 
pound between lead and tin. 

While testing the E.M.F. of these alloys, it seemed of some interest 
to determine afresh the alloy of lowest melting point, and study the 
distribution of lead and tin in blocks of alloys slowly cooled. 

To determine the lowest melting point, some 800 grains of 50 per 
cent, alloy were allowed to cool, and the mother-liquor poured off 
from the crystals formed. This was done on two separate occasions, 
and the resulting alloy analysed : the first having 60*2 per cent, of 
tin, the second 60*4 per cent, of tin, giving a mean of 60*3 per cent. 
YOU. BY. 3 B 
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of tin. This lowest melting point alloy is usually called in the text- 
hooks Sn 3 Pb, which would give it a composition of 63*1 per cent, of 
tin. It will "be seen that its composition does not really agree with 
any definite formula, although near enough to account for the 
assumption that it had one. (Tin has been taken as 118 in these 
calculations.) To determine the distribution of the metals on cool¬ 
ing, a square block of bees-wax \\ inches in the side was bedded in a 
mass of plaster of paris and sand, two holes being left to the outside ; 
the wax was then melted out and the alloy, after thorough mixing, 
run in. Two holes, one across, the other up and down, were then 
drilled through the block; the turnings were collected as they came 
out and analysed. In subsequent experiments the corners and centre 
of the block merely were analysed. 

The results are given below. It will be seen that, though some¬ 
what irregular in composition, a general tendency is apparent for the 
tin to be thrown to the outside of the block. 

Only one alloy seems to be homogeneous, namely, that correspond¬ 
ing to 21 per cent, of tin. This is the lowest point of the density 
curve as given by other experimenters. 

(1.) Alloy made up for 21 per cent, of tin. Analysis of borings in 
order through the block sideways, 20*10, 19*98, 20*09, 20*01, 20*03, 
20*06, 20*04 per cent. From bottom to top of block, 20*06, 20*06, 
20*04 per cent. 

(2.) Alloy made up for 50 per cent, of tin. Analysis of the corners 
gave: for the top, 51*9, 50*21, 49 4, 50*5 per cent, of tin; for the 
bottom, 50*32, 50*03, 50*7 per cent, of tin. Analysis of the centre 
gave 48*95 per cent, of tin, 

(3.) Alloy made up for 64 per cent, of tin. Analysis of borings 
through the sides gave, in order, 63*72, 63*37, 59*1, 61*16, 62*4, 63*6 
per cent. Analysis from bottom to top, 62*2, 63*5, 64*1 per cent. 

(4.) Alloy made up for 80 per cent, of tin. Top corners, 79*1, 
79*95, 80*2, 80*2 per cent, of tin; bottom corners, 79*9, 79*4, 80*24, 
80*3 per cent, of tin; centre of block, 73*2 per cent, of tin. 

As confirming the result obtained by the electrometer, I may 
mention that Spring in a recent paper (Bull. Acad. Boy. Belg. [3], 
11, 86) states that he does not believe that these metals form a com¬ 
pound. The usefulness of these alloys for wiping a joint is .owing to 
their behaviour on cooling, one alloy apparently crystallising out 
after another, so that they remain in a pasty state for a considerable 
range of temperature. 

The next alloys examined were the lead-zinc alloys. Mat th lessen 
states that these metals do not even mix, the lead retaining only 
1*7 percent, of zinc. Some alloys were therefore made up contain¬ 
ing 1 per cent, only of zinc, cast in thin plates, and tested on the" 
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electrometer; the cell contained zinc chloride and lead plates coated 
with lead chloride. 

The plates gave a deflection of 0*483 volt (zinc = *496 volt), thus 
indicating the presence of the 1 per cent, of zinc. 

The plates were then scraped with a penknife and again tested. 
They now gave no deflection, showing apparently that all or nearly 
all the zinc lay in the outside portions of the alloy. On analysing the 
inside portion, it was found to contain only 0*4 per cent, of zinc. 

Some fresh alloy was made up, cast in a circular form, and a thin 
layer removed in the turning lathe. This coating contained 2*4 per 
cent, of zinc, showing that the lead tries to reject even the 1 per cent, 
of zinc mixed with it. With reference to the failure of the electro¬ 
meter to detect the 0*4 per cent., it may be pointed out that owing to 
local action a very minute trace of metal may he dissolved too 
quickly to show its presence; hut this can always be remedied by 
amalgamating the plate. 

Lead, then, apparently tides to reject every trace of zinc, and any 
zinc found in it may be regarded as mechanically caught in the 
metal while cooling. 

The ziiic*tin alloys were next tried in a cell containing zinc chloride, 
stannous chloride, and tin. 

These metals seem to mix readily. The results are given below. 
The 1 per cent, alloy gave uncertain indications until amalgamated. 
Here again we have no indication of a compound. 

Pure zinc, 0*536 volt. 1 per cent, zinc alloy, after amalgamating, 
0*530 volt. The intermediate alloys containing 10, 50, and 70 per cent, 
of zinc gave similar deflections, showing that a small quantity of the 
more positive metal could be detected ; the metals, therefore, do not 
combine. 

Alloys of lead and 3 per cent, cadmium, and of tin and 3 per cent, 
cadmium were tested on the electrometer. 

The E.M.P. of cadmium alone was 0*322 volt, that of the lead- 
cadmium was 0*264, and of the tin-cadmium 0*292 volt. Since, then, 
3 per cent, of cadmium can be detected in either tin or lead alloys of the 
metal, we cannot suppose that cadmium combines with either of 
these metals. 

The results of these experiments, then, is to show that the electro¬ 
meter confirms the conclusions arrived at by Matthiessen, namely, that 
lead, tin, zinc, and cadmium do not .combine with each other when 
mixed together., They also show the delicacy of the electrometer in 
detecting small quantities of more positive 1 metals. 

Chemical Laboratory „ 

Peoples Palace. 

3 b 2 
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LXYIII .—The Magnetic Rotatory Poioer of Nitrogen Compounds , also 
of Hydrochloric , Hydrobromic , and Hydriodic Acids , and of some of 
the Salts of Ammonia and the Compound Ammonias. 

By W. H. Peekin, Ph.D., F.R.S. 

In the previous investigations of tlie magnetic rotatory power of 
substances, in relation to tbeir chemical composition, which I have 
had the honour of laying before this Society, my attention has chiefly 
been directed to compounds containing carbon, hydrogen, oxygen, and 
the halogens. This inquiry has now been extended, and in this com¬ 
munication an account is given of nitrogenous compounds. The 
object of this was to accumulate fresh facts, so as to get more material 
for generalisation, but more especially to study the influence of 
nitrogen upon the rotation of substances in which it exists in tri- and 
pew fa-valent conditions, because it has been repeatedly shown that 
compounds containing carbon in an unsaturated state have a con¬ 
siderably greater rotatory power than those in which it is saturated, 
and it therefore was a matter of interest to see whether other 
elements exerted a similar influence. 

Substances of the following classes were examined in this inquiry : 
nitrates, nitro-compounds, nitrites, cyanides, ammonia, compound 
ammonias, and their salts. 

With reference to the last-mentioned compounds, it was my original 
intention to examine the hydrochlorides or chlorides only, but, as 
these gave peculiar results, it was considered desirable to include 
ammonium bromide and iodide, and, for further comparison, ammo¬ 
nium nitrate and its sulphates; this made it necessary not only to 
determine the rotation of the salts themselves, but also of the acids 
employed in their formation, except sulphuric acid, which had been 
previously studied. 

Before discussing any of the results which have been obtained, it 
will be most convenient, in the first place, to give an account of the 
substances employed and their magnetic rotations. 

Nitric Acid. 

A quantity of nitric acid, sp. gr. 1*52, was distilled with about 
10 per cent, of H 2 S0 4 (100 per cent.), the first part being rejected. 
It was then redistilled, while a rapid current of carbonic anhydride 
was passed through it, according to the directions given by Kolbe 
(Ann. Chem. Phys 79, 136); in this way a fraction was obtained 
which was very .nearly colourless, b. p. 83*7—84*7° (corr.). The 
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composition of this acid was found to "be 98‘3 per cent, of HKQ 3j or 
ELN0 3 -f 0*060 mol. OH 2 . The density determinations gave— 

d~ 0 1-5390, 
d~ 1-5368, 

According to Kolbe’s table of densities, this acid should have a 
density of 1*526 at 15°. It is possible, however, that the two acids 
examined were not quite equally free from lower oxides of nitrogen, 
and this may account for this small discrepancy. 

The magnetic rotations gave— 


t. 

: 

Sp. rotation. | 

Mol. rotation. 

14° | 

0-5274 

1*235 

13 ; 

0 *5303 1 

1*240 

13 I 

0 *5289 1 

1*237 

12 

0*5333 1 

1*246 

12 | 

0*5318 ! 

1*243 

Average , 13 

0*5303 

1*240 


Less Q* 06 mol. OIL.. 0*060 


Less 0*06 mol.GEL.. 0*060 

HNO s -... 1*180 


d \p 1-5191, 

OK° 

d~ 1*5043. 
2o 


Nitric Acid and Water , 

The dilute acid was redistilled before use, nitrate of urea being 
added to remove lower oxides of nitrogen. Its strength was 56'74 
per cent., and its composition HK0 3 + 2*67 mol. OH 2 . 

The density determinations gave— 

1-3571, 1-3474. 

Kolbe’s table gives 57 per cent, for a density of 1*358 at 15A 
The magnetic rotations gave— 
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t 

Sp. rotation. 

Mol. rotation. , 

21 ° 

0 •'7987 

3-646 

21 

0 *8006 

3-655 

21 

0*8031 

3-667 

Average 21 

0 *8008 

3*656 

Less OH 2 .,.. 


2*670 


0-98(5 


Methyl Nitrate . 

This was prepared from methyl alcohol, and nitric acid, nitrate 
of nrea being added to the mixture. It boiled constantly at 65° (cori\). 
The density determinations gave— 

4o i'* 322 - 41 1*2167, 

0 10 

10° o»n° 

d~ 1*2241, 1*2096, 

10 5 20 
OKO 

1*2032. 

2d 


Dumas and Peligot give 1*182 at 20° (A 15, 26). 
The magnetic rotations gave—■ 


& 

Sp. rotation. 

Mol. rotation. 

12 *0° 

0*5852 

2*050 

13*5 

0*5887 

2*066 

14*0 

0 *5863 

2*058 

14 *o 

0 *5S42 

2*052 

5*0 

0*5951 

2*065 

•5*5 

0*5930 

2*059 

5*8 

0 *5912 

2*054 

6*0 

j 0 *5918 

2*057 

Average 9*5 

0 *5894 

2-057 


Ethyl Nitrate, 

The specimen used boiled at 87*5—87*7° (eorr.). The density 
determinations gave— 

, 4 ° 


15 * 
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The magnetic rotations gave—■ 


t.. 

Sp. rotation. 

Mol, rotation. 

11 *0° 

0 *6811 

3-073 

9*8 

0-68A7 

3 *084 

9*8 

0 *6862 

3*091 

9*5 

0 ‘6S/3 

3*095 

10*6 

0*6831 

3'QSQ 

10*0 

0*6864 

3 *093 

9*5 

0*6828 

3 *075 

9*0 

0*6846 

3*081 

Average 9 *9 

0 *6845 

3*084 


Propyl Nitrate. 

This was prepared from propyl alcohol and nitric acid, nitrate of 
urea being previously dissolved in the acid. After fractioning a few 
times, it was obtained boiling at 110*2—110*7° (coir.). The boiling 
point given by Wallach and Schulze (B 14, 421) is 110*5°, The 
density determinations gave— 

4-1 1-0747, d% 1-0(531, 

5 JLo 

1-0688, 1-0580, 

d% 1-0531. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

10 -0° 

0*7483 

4‘085 

10*0 

0*7507 

4'097 

10 *0 

0*7483 

4*083 

9*6 

0 *7489 

4*086 

5*5 ! 

0*7536 

4*u93 

5*5 ; 

0*7499 

4*072 

5*5 

0*7539 

4*085 

5 *5 

0*7519 

4*083 

Average 7 *7 

0-7507 

4*085 1 


Isobutyl Nitrate , 

This was fractioned a few times, and the portion boiling between 
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323-5- 

-124*5° selected for examination. 

Its density determinations 

gave— 

A 1-0334, 

4 

4JI 1*0215, 


4 ^ 1 ‘0264, 

1-0168, 

20° ’ 


45 1-0124. 


The magnetic rotations gave— 



t. 

Sp, rotation. 

Mol. rotation. 

13*5° 

0*8020 

5*184 

10-5 

0*8012 

5-163 

-10*0 

0*8035 

5-175 

9'8 

0*8049 

5*184 

9*6 

0*8012 

5*158 

9*8 

0-8070 

5*197 

9'7 

0*8049 

5*183 

9*6 

0*8055 

5*186 

9*5 

0 *8056 

5*188 

6*0 

0*8116 

5*206 

8*0 

0 *8093 

5*190 

5*6 

0*8057 

5*164 

5*6 

0 *8054 

5*163 

Average 8 '9 

0*S052 

5-180 


Bithylene Nitrate , Nitroglycol. 

This was prepared in the same way as nitroglycerin, only using 
glycol instead of glycerin (p. 6S5). After "being well washed with 
water and then with a solution of sodium carbonate, it was obtained 
as a pale yellow oil. This was well dried over anhydrous potassium 
carbonate, allowed to stand until clear, and then decanted for use. 
This substance was first obtained by Henry (. Ber ., 3, 529). As men¬ 
tioned by him, it detonates when struck on an anvil, but not so easily 
as nitroglycerin, When heated in a test-tube, it gives off a small 
quantity of red fumes, boils, and distils up the side of the tube; if 
Strongly heated it explodes with great violence. 

Nitroglycol is a somewhat thick, clear, pale yellow oil; the colour 
is believed to be due to a small amount of impurity, as it disappears 
after some weeks. It .requires several times its volume of alcohol 
for solution. Aqueous potash has but little action on it in the cold, 
hot decomposes it on boiling, producing a brown liquid. Cold alco¬ 
holic potash does not act rapidly upon this substance at first, but the 
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mixture gradually becomes warm, and afterwards boils violently, 
becoming brown. The density determinations gave— 

. df a 1-5099, 4S 1 ' 4960 ’ 

4 10 

10 ° 90° 

d~ 1-5012, d£- 0 1-4908, 

9K° 

1-4860. 


The magnetic rotations gave— 


i. 

i 

Sp. rotation. 

Mol. rotation. 

13*5° 

0 *6657 

3 *753 

13*5 

0-6657 

3 *753 

13'5 

0*6654 

3 *752 

13*5 | 

0 *6664 

3 *774 

13 *5 

0*6709 

3*774 

10'6 

0*6697 

3 *767 

11'5 

0 *6700 

3 *772 

11*5 

0 *6700 

3 '772 

12*4 

0*6735 

3 *795 

Average 12'6 

0*6686 

3-768 

1 


Nitroglycerin. 


To prepare tbis, 60 c.c. of nitric acid, density 1*42, freed from any 
red fumes by nitrate of urea, were mixed with 100 c.c. of sulphuric 
acid and 20 c.c. of 45 per cent, fuming sulphuric acid ; this mixture 
was cooled with ice, and 20 c.c. of glycerin gradually added. After 
standing a few hours, the product was poured into a large bulk of 
water, the nitroglycerin collected and washed with water, and then 
with a solution of sodium carbonate. A good deal of difficulty was 
experienced in getting the nitroglycerin sufficiently clear for ex¬ 
amination, but it was accomplished eventually by heating it to about 
30°, so as to render it more fluid, and placing it in contact with an¬ 
hydrous potassium carbonate. After keeping it at this temperature, it 
was allowed to cool, and in about 24 hours it was warmed again and 
filtered through paper, a vacuum pump being used. Finally a little 
phosphoric anhydride was shaken with it, and after standing for some 


time it was decanted for use. 

Its density determinations gave— 

d~ 1-6144, 

4 

1 KO 

d~ 1*6009 



25° 

1-5910. 

25 
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The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

14*0° 

0*6865 

5*404 

13 -0 

0 *6860 

5*396 

12*5 

0-6857 

5*392 

12*0 

0-6875 

5*404 

12-0 

0*6877 

5*406 

12-0 

0*6880 

5*408 

14-8 

0*6848 

5*393 

15 *5 

0*6897 

5*428 

16*0 

0*6869 

5*415 

Average 13*5 

0-6870 

5-405 


Isobutyl Nitrite , 

This product was purified first by shaking with dry potassium car¬ 
bonate, and fractionally distilling until the temperature rose to 77°; 
the distillate was then again treated with potassium carbonate and re- 
fractioned a few times in a Wurtz flask with a very long neck. The 
product collected for examination boiled at 67—68°. It w r as left with 
potassium carbonate for a short time and then decanted for use. The 
density determinations gave— 

0-8878, d\ f-! 0-8752, 

4 Id 

0-8806, 0-S702, 

On° 

d~±- 0-8652. 

2d 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

4-5° 

! 

0-8545 

5*511 

4*8 

0 *8533 ! 

5*506 

4*8 

0 -8527 

5*502 

5*0 

0*8521 | 

5-500 

13*5 

0*8484 

5-537 

13*0 

0*8428 

5-497 

12 *0 

0 *8475 

5-521 

; Average 8 *2 

0*8502 

5*510 
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Nitromethane. 

This substance was dried with potassium carbonate. When dis¬ 
tilled, it nearly all came over at 101° (corr.). The density determina¬ 
tions gave— 

4o 1*1580, 4C 1*1441, 

4 lo J 

4? i -1502 ’ § 1-1382, 

4)K° 

a~ i-im 

25° 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

9'8° 

0*6289 

1*853 

9*6 

0*6289 

1 -852 

9*6 

0*6282 

1 *853 

9-6 

0*6304 

1 *857 

10*7 

0 *6280 

1 *852 

10*3 

0*6301 

1*857 

10*0 

0*6363 

1 *875 

9*5 

0 *6325 

1*862 

Average 9 *9 

0 -6304 

1*858 


Nitroethane, 

The specimen used was dried with potassium carbonate. It boiled 
at 114—115° (com). 

The density determinations gave— 

d% 1 * 0685 , § 1 *° 561 , 

4» id 

§ 1-0615, § 1,05 ° 9 ’ 

<§ 1 - 0461 : 

The magnetic rotations gave— 
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t. 

Sp. rotation. 

Mol. rotation. 

12-o° 

0-7204 

2-835 

11*5 

0 -7207 

2*833 

10*5 

0 -7244 

2*845 

92 

0 -7257 

2*848 

10*5 

0 -7191 

2*824 

9*0 

0 -7284 

2*858 

9*2 

0 -7209 

2*827 

9*0 

0 -7203 

2*824 

Average 10*2 

0 -7224 

2*837 


NUropro'pane, 

This substance was prepared in the usual manner with silver 
nitrite and propyl iodide. These substances when mixed do not react 
quickly, hut after a very few minutes ebullition sets in with vigour, 
and the silver salt fuses, apparently owing to the formation of a 
compound of the iodide and nitrite. It was therefore found better 
to add the nitrite to the iodide in small quantities at a time and to 
get the reaction over before adding more; in this way no fusible silver 
compound was formed. On distilling the product, a mixture of 
nitrite of propyl, nitropropane, and propyl iodide was obtained. The 
nitrite was roughly fraetioned off and the residual oil treated with 
successive portions of silver nitrite until perfectly free from propyl 
Iodide; it was then distilled and carefully fraetioned a number of 
times. It boiled at 130*5—1ST*5° (corr.) and was perfectly colour¬ 
less. 

The density determinations gave— 

4-01-0221, 4C 1-0108, 

4 Id 

1 f>° 90° 

# 1-0157, # 1-0062, 

<#>0023. 

The magnetic rotations gave— 
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m i 


t. 

Sp. rotation. 

| - 

1 Mol. rotation. 

i 

20 *0° 

0*7781 

3 *824 

20 *0 

0*7763 

3*814 

18 5 

0 -7842 

3-849 

18 *5 

0 *7791 

3 *823 

18*5 

0 -7763 

3 *S09 

18*5 

0 -7801 

3 *828 

18*5 

0-7791 

3 *823 

20*0 ; 

0 -7762 

3 *814 

19*0 

0-7776 

3*827 

19*0 

0-7702 

3*782 

Average 18*9 

j 0-7777 

i 

3-819 


Chloropicrin. 

Tliis substance was first dried with pbosplioric anhydride, and then 
distilled from anhydrous potassium carbonate. It boiled constantly 
at 112° (corn). 

The density determinations gave— 

d% 1-6855, dA, 1-6670, 

4° • 15° 

1-6748, d^ 1-6594, 

d% 1 - 6528 . 

25 ° 


The magnetic rotations gave— 


i. 

Sp. rotation. 

Mol. rotation. 

15 *6° 

0*9800 

5 *378 

15*6 

0 *9804 ] 

5*378 

15*6 

0*9800 1 

5*376 

15 *6 

0 *9775 | 

5 -363 

15 *6 

0 *9810 | 

5*382 

9 0 

0 *9905 

5*399 

9*0 

0 *9887 ! 

5*389 

9*0 

0*9905 

5*399 

9*0 

0*9899 

5 *395 

Average 12*7 

0*9843 

CO 

so 

lO 


Ammonia . 


a. Aqueous Solution . 

The product employed contained 31 per cent, of and therefore 
had the composition NTH 3 -f 2*10 mol. OH a . 
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The density determinations gave— 

c£ 0-8989, 4^ 0'8955, 

4 10 

0-8926. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

9*5° 

1*1523 

3*916 

9 '5 

1*1491 

3 *905 

9*5 

1*1489 

3 *904 

9*5 

1-1516 

3*913 

9*5 

1-1499 

3*908 

10 *0 

1-1518 

3*916 

9*5 

1-1527 

3 *917 

9 *5 

1 -1506 

3*910 

9*5 

1 -1473 

3*899 

Average 9 *5 

1 -1505 

3*910 


Less OH 2 , 2*10mol. .......... 2*100 

NH 3 ... 1-810. 


b. Alcoholic Solution . 

This was prepared with absolute alcohol that bad been standing 
over anhydrous copper sulphate for months. It was then decanted 
and distilled. The solution contained 14‘48 per cent, of bTH 3j and 
therefore had, the composition + 2*18 mol. C 2 H 6 0. It was 

saturated as far as would permit of its use with safety, and began to 
give off gas at about 15°. 

The density determinations gave— 

41 0-?829, d§s °’ 7794 - 

4 o 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

9° 

0 *9404 

7-872 

9 

0 *9385 

7-858 

9 

0*9459 

7-920 

9 1 

0*9417 

7-885 

: * 9 

0 *9429 

7-895 

Average 9 

0*9419 

7-886 

. Less 2*18 mol. C 2 H g O ....... 

... 6-060 



... 1*826 
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Ethylamine. 

This and most of the other compound ammonias examined were 
obtained from Kahlbaum. 

The product used was kept over freshly fused caustic potash some 
days before distillation. When fractioned, it mostly came over 
between 17*4 and 18*4°, and the specimen examined had this boiling 
point. The density determinations gave— 

0-7013, 0-6946, 

0 - 6892. 

Id 

’The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

4-5° 

1 *0068 

3*592 

4 *5 

1 *0048 

3 *585 

4 4*5 

1 *0103 

3 *605 

4-5 

1 *0106 

3*606 

5*0 

1 *0106 

3 *608 

5*0 

1*0130 

S -617 

5*0 

1*0180 

3*631 

4 *5 

1*0122 

3 *611 

5*0 

1*0008 

8*605 

5*2 

1*0125 

3 *616 

5*4 

1 *0340 

3*623 

5*4 

1*0116 

3 *614 

8*6 

1 *0054 

3*610 

8*3 

1*0023 

3 *598 

8*6 

1*0067 

3 *615 

9*3 

1*0057 

3*610 

Average 5 *8 

! 1-0097 

1 

3-609 


JDietJiylamine. 


This was carefully fractioned several times; the bulk of the pro¬ 
duct then boiled at 56—57 J (corn), which appears to be about the 
true boiling point, of this base. The density determinations gave— 


d# 0*7226, 

if ) 0 

dgp 0*7164, 


i 5 ° 

d [§o 0*7116, 

90° 

0-7070, 


411 0-7028. 
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The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

5*4° 

1 *0095 

5*682 

5*4 

1 *0054 

5*658 

5-4 

1*0033 

5-64.7 

5*4 

1*0060 

5*662 

13*5 

0 *9952 

5*662 

14*0 

0 *9923 

5*649 

14*5 

0 *9960 

5*674 

Average 9 *1 

1*0011 

5*662 


Triethylamine . 

The specimen employed contained a little diethylamine; it was 
therefore fractionsd several times from sodium, which forms a com¬ 
pound with this base. The portion selected for examination boiled 
at 89—89*5° (corn), mostly at 89°. The density determinations 
gave— 

c£ 0-7426, d% 07331, 

4 LO 

1 A° 90° 

rfjjp 0-7372, d~± 0-7294, 

C>KO 

ddL 0-7257. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

’ 

10*4° 

1*1151 

8*496 

10*3 

1 *1157 

8*499 

10*3 

1*1169 

8 *508 

10*3 

1*1189 

S *523 

10*0 

1*1203 

8*532 

9*8 

1 *1194 

8*522 

9*6 

1*1192 

8*518 

9*3 

1*1233 

8 *547 

Average 10 *0 

1*1186 

8*518 


Propylamine, 

The specimen examined boiled at 47*5—48*5° (corn). The density . 
determinations'gave—■ 
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0-7330, 
rfjgl 0-7268, 

0*7144. 

25 " 


The magnetic rotations gave— 


u ! 

i 

Sp. rotation. 

Mol. rotation. 

6 5° 

1 *0116 

4*540 

5 *5 

1*0161 

4 * 554 

5*0 

1*0190 

4*563 

5*0 

1*0176 

4*557 

5*0 

1 '0183 

4*560 

15*0 

1*0134 

4*597 

14 *5 

1*0094 

4-579 

15*0 

1*0064 

4 *568 

15 *5 

1 *0050 

4*563 

Average 9 *6 

1*0130 

4*564 


1 5° 

d~ 0*7222, 
15° 

on 0 

d£r t 0*7182 ? 
2tr J 


D ipropylamine, 


After being distilled two or three times, most of the product was 
obtained boiling between 109*4° and 110*4°. The density deter¬ 
minations gave— 


0-7524, 
<2—o 0-7471, 


0*7357. 

2d 


djjp 0-7480, 

90 ° 

<*go 0-7393, 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

5*8 

1-0087 

7*539 

5*8 

1*0051 

7-512 

5*8 

1-0101 

7-550 

6*5 

1*0122 

7-571 

6 "5 

i 1 *0101 

7 -556 

15-0 

1*0000 

7-553 

16 -2 

0*9975 

7-558 

16-8 

0 *9960 

7-553 

17-5 

0 *9968 

7-547 

, Average 10 *7 . ' i 

1 *0041 

7 -549 


VOL. LY. 1 " ' , ■ ■' A 3 0 
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Tripropylamine. 

To obtain this, dipropylamine, alcohol, and propyl iodide in eqiia 
•volumes were heated in a sealed tube at 100° for two or three hours. 
On cooling, the product solidified to a crystalline mass. After dis¬ 
tilling with water to remove alcohol and prefpyl iodide, potash was 
added, and the volatile bases distilled off; these when dried and Auc¬ 
tioned gave tripropylamine boiling at 155*5—156*5°. This was again 
distilled after boiling with sodium for some time, which attacks any 
di propyl amine present. The boiling point, however, was not changed 
by this treatment. The iodide of tetrapropylammonium which was 
left after the removal of the volatile bases was distilled, the mixture 
of propyl iodide and tripropylamine thus obtained treated with hydro¬ 
chloric acid, &c. The tripropylamine obtained in this way boiled at 
155—157°, but mostly at 156°, which is apparently the boiling point 
of this base. Homer gives it as 144—146° (Her., 6, 1101) . 

The density determinations gave— 

4s 0-7681, 4S °1 600 ’ 

4 io * 

10 ° 90° 

jg- 0 0-7634, 0-7567, 

d% 0 - 7539 . 


The magnetic rotations gave— 


{. 

Sp. rotation. 

Mol. rotation. 

10*9 

1 *1107 

11*031 

9*7 

1*1238 

11*691 

9*0 

1*1252 

11*699 

9*2 

1*1247 

11 *696 

10 *3 

1*1205 

11 *666 

10 *3 

1 *1152 

11*610 

10 *3 

1*1208 

11*669 

10*3 

1 *1194 

11 *654 

Average 10 *0 

1*1208 

11 *664 


Isobutylamine. 

The base employed boiled between about 67° and 74°, On repeatedly 
fractioning, the chief part was found to come over at 68—69° (corr.). 
Hughes and Homer (Ber,, 7, 511) give it as 65*5°; this is believed to 
'|»'fodlowy, , ■ 1 
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Its density determinations gave— 

c£ 07464, d}~ 0-7363, 

4 lo 

1 (f on 0 

, 0-7408, d~ 0-7322, 

lo 3 ’ 20° 


95 ° 

d— 0-7283. 


The magnetic rotations gave— 


t 

Sp. rotation. 

Mol. rotation. 

17 *8 

1*0320 

5*699 

16-2 

1*0353 

5*711 

15 *0 

1 *0344 

5 *697 

15 -0 

1*0341 

5 *696 

15*0 

1 *0350 

5 *701 

15*5 

1 *0313 

5 *684 

14 ’5 

1 *0343 

5 *694 

14*5 

1 *02S4< 

5*661 

14 -5 

1 *0328 

5 *684 

Average 15*3 

! 1 *0331 

5 *692 


Isobutylamine and Water. 

Isohntylamine, when mixed with water, develops heat. The mix¬ 
ture examined consisted of equal vols. at 15° of each substance; the 

15° 

density of the mixture was for d— 0*9002; this shows that con- 

lo 

siderable condensation occurs on making this mixture, the average 
density of equal vols. of isobutylamine and water being as follows — 

Isobutylamine O'7362 

Water. .... 1*0000 

Average density . 0*8681 

The molecular composition of this mixture is C 4 E[ U ]N + 5*51 OH a . 
The magnetic rotations gave— 


3 c 2 
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i. 

Sp. rotation. 

Mol. rotation. 

15° 

1 -0460 

11-091 

15 

1‘0484 

11*116 

15 

1 ‘0402 | 

11*030 

15 

1 -0431 

11*060 

15 

1-0460 

11*091 

Average 15 

1 -044.7 

11 -077 

Hess OH« ... 


.. 5-510 



5-567 


Isobtdylamine and Alcohol. 

These substances were mixed in equal volumes measured at 15°. The 
composition of tlie mixture is represented by CiH u IT + 1*715 mol. 

C a H 6 0. 

The density determinations gave— 
d l ~ 0-791. 

It) 

Tlxe average density of equal volumes of isohutylamine and alcohol 


at 15° is— 

Alcohol (spec, used). O’7948 

Isobutylamine. O’7357 


Average . 0*7652 


This shows that considerable contraction takes place on mixing 
these substances. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

15° 

0 *9556 

10*364 

35 

0*9541 

10 *348 

15 

0*9556 

10 -364 

15 

0*951S 

10*356 

15 

0*9655 

10*418 

15 

0*9587 

10*342 

15 

0 *96*20 

10 *377 

15 

0*9596 

10*351 

15 

0*9572 

10*326 

Average 15 

0 *9581 

10-361. 

Hess alcohol.« 


.. 4-768 


5‘593 
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D iisobuty lam hie . 

This product, after several fractional distillations, was obtained 
with a boiling point of 139—140° (corr.). Merz and Gasiorowski 
(Ber., 17, 626) give it as 135—137°. The original substance was 
very good, very little high and low portions being separated by dis¬ 
tillation. 

The density determinations gave— 

d% 07577, 0-7491, 

4 15" 

10 ° 9 (\° 

djg= 0-7528, d± a 0-7457, 

0-7425. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16-3° 

1*0409 

9*969 

15*3 

1*0442 

9 *992 

15 *0 

1 *0412 

9*981 

15*0 

1 * 0385 

9*935 

16*0 

1 *0373 

9*933 

15*5 

1 ‘0334 

9*891 

15*0 

1*0382 

9*932 

14 *5 

1*0373 

9*918 

14*5 

1*0378 

9 *924 

14*5 

1 *0349 

9 *895 

14*5 

1*0401 

9*945 

Average 15 *1 

1 *0385 

9*936 


Allylamine. 


The specimen used came over mostly at 53 2—54°. It was frac- 
tioned several times, and the specimen selected boiled at 53*2—53*4 
(corr.). The boiling point given by Einne is 58° ( Annalen , 168— 
'262). When smelt, it canses sneezing. 

The density determinations gave— 


d~ 0-7799, 

4 

10 ° 

d~o 0 - 7739 , 

0-7583. 


^0-7688, 

w° 

0-7436, 
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Ramie gives tlie density as 0*864 at 15°. 
The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

13 -5° 

1 '3605 

5 *593 

13 -0 

! 1 ’3642 

5*609 

13 -0 

1 13615 

5 '598 

13-0 

1 '3620 

5*599 

15 *5 

1 *3520 

5 *572 

15 *5 

1 *3508 

5 *567 

15-5 | 

1 '3545 

5 '583 

15 *5 

1*3548 

5 *584 

Average 14*3 

1 *3o > o 

5 *588 


Fentamethylenediamine, RH 2 *CH 3 *CH 3 .CH 3 -CH 2 *CH 2 -RH 2 . 

The product examined was prepared by my son (W. H. P.). It 
boiled at 178—179° (corr.). Its density determinations gave— 

<£ 0-8939, 4C 0-8855, 

4 Id 

10° 90° 

0-8890, agji 0-8S22, 

O *ip 

% 0-8792. 


The magnetic rotations gave— 


t , 

Sp. rotation. 

Mol. rotation. 

13° ! 

1 *1719 

7*488 

13 

1 *1697 

7-473 

13 

1*1731 

7-495 

13 

1 *1709 

7 -481 

13 

1 *1768 

7-519 

Average 13 

1-1725 

7 -491 


As I had some quantity of this substance at my disposal, and it 
readily absorbs moisture, it was carefully fractioned. The chief part 
of the product boiled at 178—180*5° (corr.) (a little of that which 
came over first, and which probably contained a small quantity of 
water, being collected separately). The density determinations 
gave— . 
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(£ 0-8930, 4C 0-8S46, 

4' lo 

4^! 0-SS81, ' a 0-881-2, 

10 ° 20 

<5 0-8784. 


Laclenburgh gives its boiling point as 175—178°, and its density 

at iP ro as 0*9174 (Ber., 18, 2957). 

4 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

14*7° 

1 -1/03 

7*496 

14 *7 

1*1673 

7-477 

14*7 ; 

1*1713 

7-503 

14*7 

1*1703 

7-496 

Average 14*7 

1 *1698 

7*493 


This refractioned product, therefore, has given numbers for the 
molecular rotation practically identical with those obtained with the 
original product, a small difference being observable in the specific 
rotation, which is a little lower. The influence of this is neutralised 
by the slight change in the density. The average molecular rotation 
is 7'492. 


Bijperidine. 

The specimen of this base used in the investigation boiled at 
105*8—100*3 (corr.). The density determinations gave— 


c£ 0-8758, 

4° 

0-8704, 


4S 0-8664, 
io 

4S 0-8626, 



0-8591. 


The magnetic rotations gave- 
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t. 

Sp. rotation. 

Mol. rotation. 

11*0 

1 *0714 

5*826 

11 ‘8 

1*0676 

5*806 

11*3 

1 *0684 

5 '811 

11*0 

1 *0670 

5*803 

16*0 

1*0641 

5*805 

14*5 

1 *0686 

5*821 

14*5 

1 *0659 

5*803 

14*0 

1 *0665 

5*807 

Average 13 *0 

1 *0674 

5-810 


Piperidine and Water . 

Tins base lias a great attraction for water. Tbe proportions used, 
were molecular, C 5 H n ]N +■ OH 2 . The density determinations gave— 


^5 0-9227, 

1A° 

4^ 0-9173, 


d% 0-9133, 

lo 

00 ° 

0-9097, 


0-9063. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16 *0 

1 -0724 

6-724 

15 2 

1 *0709 

6*711 

15 3 

1 *0727 

6*722 

14*5 

1 *07S3 

6 *753 

16 *0 

1*0696 

6*707 

16*0 

1 *0732 

6 *729 

Average 15 *5 

1 *0728 

6 *724 

1 *000 


5*724 


Pyridine. 

The specimen used was obtained from Sehuchardt, When kept 
with freshly-fused potassium hydrate, it did not show any signs of 
containing water; after several fractional distillations, the principal 
part of the product was obtained boiling between 116'2—116*7° 
(com).' The density determinations gave— 
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c£ 0-9944, 

4 

0-9855, 

10° 

0-9894, 

Off 

0-9816, 

20 


9K° 

d~ 0-977S. 

9 A 3 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

10-5° 

1*9734 

8*758 

10 -3 

1 *9686 

8*738 

10 *8 

1*9731 

S *758 

10*8 

1-9740 

8*762 

10-8 

1*9682 

8*736 

14 *5 

1 *9741 

8-789 

14*3 

1 *9724 

8 *777 

13-0 

1*9723 

S -770 

Average 12*0 

1*9720 

8*761 


Propionitrile. 

This was well dried with anhydrous potassium carbonate and then 
carefully fraetioned. The specimen examined boiled at 98—98*5° 
(corn). The density determinations gave— 

d A ~ 0-7998, 0-7890, 

■ 0-7941, 0-7853, 

d~ a 0 - 7815 . 

2o 


The magnetic rotations gave— 


i. 

Sp. rotation. 

Mol. rotation. 

10 ‘5 

0*8641 

3*327 

10*5 

0*8662 

3*335 

11*0 

0 8668 

3 *339 

11*5 

0*8624 

3*324 

12’0 

0*8612 

3 -322 

16*0 

0*8624 

R-841 

36*3 , ! 

0 *8588 

3 '328' 

16-7 

0*8587 

1 ' 8*329 

Average 13*06 

0 *8626 

# S '331 

—--------- 
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Trimethylene Cyanide . I 

Obtained by digesting trimethylene bromide with cyanide of poms- 
slum and alcohol. The portion examined boiled at 285—287x4° 
(corn). Henry gives it as 274° (Bull Qhem . Soc., 43, 618). The* 
density determinations gave— 

4° 1 5° 

d* 1*0081, d~ 0-9952, 

4 Id 

0-9984, dg 0-9922, 

cl~ 0-9894. 

*25 

The magnetic rotations gave— 


t. 

Sp. rotation, j 

Mol. rotation. 

10*0 

0*9850 

5*152 

10 *5 

0*9841 

5 *149 

11*0 

0 *9856 

5*160 

10 *5 

0*9801 

5*128 

10*5 

0*9786 

5-120 

10*5 

0*9786 

5*120 

10*5 

0*9792 

5*123 

Average 10*5 

0-9816 i 

, 

5 *136 


Hydrochloric Acid. 

The strength of the acids examined was determined by titration, 
and also by precipitation. 

Solution I. —Saturated at about 20°. It contained 41*70 per 
cent, of HGI; its composition was, therefore, HCi + 2*834 mol. OH a „ 
The density determinations gave— 

4 - 1-2154 > 4 ? 1 ' 2113 ’ 

1-2082. 

Id 


The magnetic rotations gave— 
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t. 

Bp. rotation. 

Mol. rotation. 

16*5° 

1 *7130 

6*882 

16-5 

1*7115 

6 *876 

16*5 

1*7123 

6 -S63 

16*5 j 

1 *7113 

6 *875 

16*5 1 

1 *7112 

6*SS7 

19*8 i 

1*7110 

6*SS4 

19*7 ! 

1*7113 

6 *885 

Average 17*3 

1*7117 

i 6-879 


Less OHvj.... 2 *834 


4 *045 


Solution II —This contained 36*5 per cent, of KG. The com¬ 
position was therefore HOI + 3*51 mol. OH-> 

The density determinations gave— 

<£ 1-1939, ai 1-1866, 

4° lo 

0=0 

d— 5 1-1827. 

2d“ 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

11 *6° 

1 *6575 

7-724 

11 *5 

1-6590 

7-731 

11*5 

1*6581 

7-727 

11 *5 

1*6569 

7-721 

11 *5 

1*6557 

7*716 

10*3 

1 ‘6613 

7*737 

30*3 ! 

1*6580 

7*722 

10 *3 

1*6599 

7 *731 

10 *3 

1*6580 

7*722 

Average 11 *0 

1*6583 

7-725 

Less 3 '351 mol. OH 2 ........ 

... 3 -510 


HCI * .V. 4 ‘215 


Solution III —This contained 30*86 per. cent, of HCI; its composi¬ 
tion was, therefore, HOi + 4*548 mol. 0H 2 . 

The density determinations gave— 

1'1582, 1-154S. 
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The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

21-5° 

21 *5 

21*5 

2R5 

21*5 

1 *o5o4 

1*5528 

1*5577 

1*5580 
1*5572 

S-841 

8-826 

8 -854 

8-856 

S-852 

Average 21 *5 

Less OH* *» • 

1*5562 

8*846 
.. 4*543 

4*303 

Solution IV. — This contained 25*6 per cent, of HOI; its eomposi- 

tion was, therefore, HOI -f 5*893 mol. OH 

2 - 

The density determinations gave— 


1-1288, 


d~ 1-1260. 

15 ’ 


25 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

21*0 

1*46S4 

10 *319 

21*0 

1*4706 

10*334 

21 *0 

1*4643 

10 -290 

21 *0 

1*4669 

10-306 

20 *0 

1*4506 

10 *261 

20*0 

1*4643 

10 *289 

20*0 

1*4599 

10 -257 

20 *0 

1*4643 

10 *288 

20*0 

1*4721 

10 *343 

Average 20*4 

1 -4657 

10 *298 

Less OITo... 


5*893 



4-405 


Solution V .—This contained 15*63 per cent* of HOI; its composition 
was, therefore, HCi -f 10*856 mol. OH 2 . 

The density determinations gave— 

d l X> T0771, 4S 1-0745. 

15 25 

The magnetic rotations gave— 
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i. 

! 

j Sp. rotation. 

Mol. rotation. 

16° 

\ 1-2T4S 

15*254 

16 

| 1-2790 

15 *303 

16 

1 -2761 

15 *26S 

Average 16 

1 1-2766 

15 *275 


LessO H,.. 10-850 


4*419 


Hydrochloric Acid in Isoamyl Oxide . 


TMs contained 10*68 per cent. HOI; its composition was, therefore, 
HC1 + 1*932 mol. C 10 H 22 O. The density determinations gave— 

czT 0-8252, 4 t5 0-S159, 

10 


C)K° 

^g-o 0-8132. 


The magnetic rotations gave— 


! 

*■ 

Sp. rotation. 

Mol. rotation. 

20*0 0 

1*0223 

23*834 

19-5 

1 *0169 

23 *693 

19 -5 

1*0223 

23 *884 

19-5 

1*0178 

23 *715 

19-5 

1*0231 

23 *839 

Average 19 *6 

1*0205 

23 *783 


Less CjoHaaO, 11 *168 x 1 *932.. 21 *572 


2*211 


The above solution was cloudy on account of the absorption of a 
small quantity of water, and this rendered it difficult to read as the 
light was obstructed. A second' solution was therefore prepared, 
great care being used to prevent the presence of moisture. It was, 
obtained quite clear, and contained 12*82 per cent, of hydrochloric 
acid, the composition being HC1 -f 1*570 mol. 

Its density determinations gave— 

1 o° 1 5° 

dfL 0*8265, 0*8221. 

10 , 15 

The magnetic rotations gave— 
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t. 

Sp. rotation. 

Mol. rotation. 

14 

1*0338 

19-754 

14 

1*0382 

19 *838 

14 

1 *0352 

19*782 

14 

1*0352 

19 *782 

14 

1 *0382 

19 *838 

Average 14 

1*0361 

19-799 

Less C 10 H 32 O 11-168 x 1-570 . 

.. 17 -534 


2 *205 

Previous No.... *. 2 *211 


2 *205 

Previous No.... *. 2 *211 

Average. 2 *238 


Kydrobromic Acid. 

This was prepared by acting on amorphous phosphorus with 
Imomine in the presence of water; the gas was freed from bromine 
vapour by twice washing* it with a saturated solution of hydrobromic 
acid holding amorphous phosphorus in suspension. 

Solution - I, fully saturated at about 20°, contained 65*59 per cent, 
of HBr; its composition was, therefore, HBr + 2*361 mol. OH 2 . 
The density determinations gave— 

AO -I AO 

4 1*7978, d^L 1*7919, 

d L ± 1*7874. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16*5° 

2*6154 

10 -047 

16-5 

2 *8134 

10*039 

16-5 

2*6123 

10 *036 

16-5 

2 6119 

10 *033 

16-5 

2*6093 

10 *023 

19-5 

2*6017 

10*006 

19-5 

2*6058 

10*022 

Average'17 *4 

2 -6100 

10 -030 


Less OHo...... 2 *361 

7*669 


Solution II .—This 1 contained 56 per cent, HBr; its composition 
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was, therefore, HBr + 3'533 mol. OH 2 . The density determinations 
gave— 

1-6117, dB° 0 1-6064. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol, rotation. 

22° 

2 *3213 

11 -597 

22 

2*3206 

11 594 

22 

2*3202 

11 *591 

22 

2*3199 

11*590 

22 

2 *3213 

11*597 

Average 22 

2*3207 

11*594 


Less OH 2 . 3 *533 

8 *061 


Solution III —This contained 39*71 percent. HBr; its composition 
was, therefore, HBr + 6’831 mol. OH 2 . The density determinations 
gave— 

4 ° 1-3850, 1-3786, 

4 15° 

pK° 

1*3748. 


Tiie magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

22*3° 

1*8482 

15*224 

22*3 

1*8436 

15 *180 

21 *0 

1‘8498 

15 -2-17 

21 *0 

1*8162 

15 *224 

21*0 

1*8523 

15 *273 

21. 0 

1*8534 

15*270 

20 *0 

1*8510 

15*242 

20*0 

1*8539 

15 *200 

20*0 

1*8549 

15 *275 

Average 21 *0 

1*8503 

15 *246 


Less OH 2 ... 6*831 

8*415 


Solution IF.—This contained 24*6 per cent, of HBr; its composition 
was, therefore, HBr + 13*789 mol. OH 2 . The density determinations 
gave— 
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45 1-2049, <?—; 1-2028. 

15 iSo° 


The -magnetic rotations gave— 


tu 

Sp. rotation. 

Mol. rotation. 

1S° 

IB 

18 

18 

18 

1*4684 

1*4728 
1*4721 

1*4716 
1*4718 

22*261 

22*367 

22 *356 

22 349 

22*351 

Average 18 

Lees OH, ... 

I -4713 

! 22 -336 

. 13 -789 

8 -547 

Solution V .— This contained 15*47 per cent, of HBr; its composition 
was, therefore, HBr + 24*580 mol. OH 2 . The density determinations 
gave— 

45 1-1172, dl i° 1-1149. 

lo io 

T he magnetic rotations gave— 

L 

Sp. rotation. 

Mol. rotation. 

16*5 

1-2687 

33 *036 

16*5 

1 -2716 

33*112 

16*5 

1*2731 

33 *151 

Average 16’5 

1 -2711 

33*099 

Less OH, ... 


.. 24*580 



8 '519 


Hydriodic Acid . 

Solution 1 .—This contained 67*02 per cent. HI; its composition was, 
therefore, HI 4- 3*498 mol. OH 2 . This acid was freshly prepared, 
colourless, and pure. 

The density determinations gave— 

1-9600, dl-C 1-9489, 

4 lo 

dg! 1-9537, dg 1-9448, 

1*9414 
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The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

22-5° 

3 '9033 

2T-242 

22‘0 

3 '8974 

21 -286 

20-0 

3 '8949 

21 -248 

20-0 

3 9027 

'21 -291 

Average 21'1 

3-8996 

21*267 


Less OH 2 .*... 3 '498 


17-769 


Solution II .—This contained 65T per cent. HI; its composition 
was, therefore, HI + 3*827 mol. OH 3 . 

• The density determinations gave— 

4 v9182 ’ 4S 1,9073 > 

4 lo 

1-9118, 1-9035, 

^ 1*9008- 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16-0° 

3-7713 

21*640 

10 -o 

3-7833 

21 -709 

17 -0 

3-7802 

21-712 

17 -0 

3-7791 

21 -705 

16-5 

3 -7827 

21 -710 

Average 16*5 

3-7793 

21*695 


Less OIL. 3 ’827 

17 *808 


Solution III.—This contained 61*97 per cent. HI; its composition 
was, therefore, HI + 4*364 mol. OH 2 . 

The density determinations gave— 

4 1-8349, 4S 1 ' 8244 ’ 

4 lo 

^ 1-8280, 4 ? 1 : 8220 - 

3d 


VOL. LV. 
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Tlie magnetic rotations gave— 


t 

Sp. rotation. 

Mol. rotation. 

18*0° 

17*5 

17'5 

17'5 

17*5 

3 -5713 

3 -5768 
3-5713 
3-5681 
3-5705 

22 '483 

22*514 

22*479 

22 *459 

22*474 

Average 17'6 

3*5716 

22 *481 
.. 4*364 



18-117 

Solution IV. — Freshly distilled, colourless, and pure ; it contained 
56*78 per cent. HI; its composition was, therefore, HI +■ 5*413 mol. 

OH*. 

The density determinations gave— 

4,° 15° 

<4 1*7115, dfL 1*7021, 

Hi 10 

10° 90° 

dg-o 1-7059, d^ Q 1-6988, 

9^° 

d~ 1-6962. 

The magnetic rotations gave— 

t. 

Sp. rotation. 

Mol. rotation. 

22-0° 

3 *2108 

23 *688 

21 -0 

3*2166 

24*723 

21'0 

3 *2169 

23 *725 

22*0 

3 *2220 

23 *764 

21 0 

3 *2134 

23*700 

21*5 

3 *2171 

23 *731 

22 0 

3*2137 

23 *710 

22*0 

3*2203 

23 -759 

22-0 

3 *2220 

23 *764 

21 *0 

3*2166 

23 *723 

21 *5 

3 2171 

23 -731 

Average 21*5 

3 *2170 

23 -721 

Less OII 3 .... 


5*413 



18*308 


Solution V .—This contained 42*7 per cent,; its composition was, 
therefore, HI 4- 9*542 mol. OH*. 
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The density determinations gave— 

1-4536, 1-4484, 

^ 1-4507, 1-4467. 


The magnetic rotations gave— 


t 

Sp. rotation. 

Mol. rotation. 

15‘0° 
14'5 

14'5 
14*0 
17*0 
16*0 

15 ‘5 

2 *4354 

2 *4367 

2-4350 

2 *4340 
2*4326 

2 *4385 

2 *4327 

27 -958 

27 -989' 

27 -917 

27-930 

27 -945- 

28 -003 

27 -930 

Average 15*2 
Less OIL... 

2 *4350 

27 *945 

9*542 

18*403 

Solution VL —This contained 31*77 per 

cent.; its composition 

therefore, HI -f 15*272 mol. OH,. 


The density determinations gave-— 


d— 1-2977, 


A°° 1-2962. 

15 ’ 


20 

The magnetic rotations gave— 


i, Sp. rotation. 

Mol. rotation. 

17 *0° 

1*9544 

33 763 

15-5 

1 *9515 

33-702 

15*5 

1 *9500 

33*076 

15*5 

1-9541 

33-752 

Average 15 *9 

1*9526 

33 -723 

Less OIL.. . 


.. 15-272 



18*451 


Solution VII .—This contained 20*77 per cent.; its composition was, 
therefore, HI + 27*128 mol. OH,. 

The density determinations gave— 

djp M770, ^1-054. 


3 d 2 
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The magnetic rotations gave— 


1 

Sp. rotation. 

Mol. rotation. 

23 -O'" 

1'5636 

45*539 

21-0 

1 5673 

45 '631 

20-5 

1 *5644 

45 -544 

20 -0 

1 *56 »4 

45 '540 

20 -0 

1 *5649 

45 *554 

20 0 

1 *5649 

45 -554 

19 -5 

1*5653 

45 *562 

19'5 

1*5642 

45*523 

Average 20 -4 

1-5650 

45*556 


Less OH 2 ..... 27 128 


18 *428 


Ammonium Chloride . 

The specimen of this salt used was recrystallised several times and 
then dried over sulphuric acid in a vacuum. 

The solution used contained 27*08 per cent, of salt, and therefore 
had the composition NILCl -H 80H 2 as nearly as possible. This 
solution was a supersaturated one, and although its tendency to 
crystallise was very inconvenient, especially in determining the 
density, it was thought better to put up with that than work with a 
weaker solution. 

The density determinations gave— 

1K° 90° 

di% 1-0787, d*L 1-0783, 

15 1 0 

95° 

^ 1*0777. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol rotation. 

25 *0° 

1 -3851 

14*108 

22 0 

1 -3861 

14*108 

22 C 

1 -3846 

14 *090 

21 0 

1 3842 

14*089 

20 0 

I-3S32 

14*076 

20 0 

1-3865 

14'109 

20 -0 

1 -3850 | 

14 *095 

20-0 

! 1 3850 

14 *095 

Avei age 21 ‘2 

1 3850 

14*096 


Less 8 mol. OIL.,. 8 *000 

NH 4 CI= ..6H96 
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Attempts were made to determine the molecular weight of this 
substance by Raoult’s process with acetic acid, but it was found to be 
insufficiently soluble in acetic acid, 

Elhylanvine Hydrochloride. 

A nearly saturated solution of this salt was made and its strength 
found by determining the chlorine several times. It contained 6058 
per cent, of EtHdST,HCl, and therefore had the composition 
EtH 2 N,HCl + 2*946 mol. 0H 2 . 

The density determinations gave— 

d~ a 1-0535, d~1 1-0505. 

10 20 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

17*0° 

1*5439 

10-966 

17*0 

1-5401 

10*939 

16 '0 

1*5393 

10*929 

36*0 

1*5401 

10 *934 

15 *8 

1*5350 | 

10*989 

15*8 

1*5381 

10*920 

15 *7 

1*5401 

10*934 

15*7 

1*5401 

10 *934 

Average 16'1 

1*5396 

10 *943 


Less 2 *946 mol. OH 2 • • ....... 2 946 

7 *997 


A determination of the molecular weight' of this substance by 
Raoult’s process in glacial acetic acid gave 115*1. Theory requires 81*5. 
This is high; the solution, however, was rather strong, 1*607 of salt 
in 100 of acid: this may have had a little to do with this result, but 
probably dissociation was the chief cause. 

Diethylamide Hydrochloride . 

A very nearly saturated solution of this salt was prepared. 
Chlorine determinations showed that it contained 61*58 per cent. 
The solution therefore had the composition Et 2 HN,HCl -f 3*79 mol. 

OH! 2 - 

Xhe density determinations gave— 

^ 1-0198, <2—1 1-0164. 
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The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

15° 

1-41X3 

13*694 

15 

1*4125 

13-705 

15 

1-4125 

13 -705 

15 

1 *4116 

13*fi97 

15 

1 *4100 

13 ‘682 

15 1 

1 *4063 

13*646 

15 

1 *4085 

13*667 

15 

1 *4071 

13 694 

Average 15 

1 *4100 

13 *686 


Less 3*97 mol. OH 2 ... 3 *790 


9*896 


A determination of the molecular weight of this salt bj Raoult’s 
process with acetic acid gave 139*9. Theory requires 109*5. This as 
in the case of the ethylamine salt is high. The proportions used were 
1*072 of salt to 100 of acid. 


Solution of Diethylamine Hydrochloride in Absolute Alcohol . 

The salt used, which was dried by fusion and heated until it boiled, 

15° 

was dissolved while hot in alcohol of d — x 0*794.7. The solution was 

15° 

very nearly saturated at the ordinary temperature. The strength 
was known from the amount of salt used, and afterwards checked by 
chlorine estimations. The solution contained 22'63 per cent, of salt, 
and had the composition (CoH 5 ) 2 HNr,HCl + 8T38 mol. C 2 H 6 0. 

The density determinations gave— 

4J7 0-8417, 0-8361. 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

17-0* 

1-0117 

32 *356 

17 *0 

1 *0161 

32*497 

18-0 

1 0132 

32 *424 

18*0 

1 *0118 

32 *376 

18*0 

1 *0103 

32 *339 

Average 17*6 

1-0126 

32*298 


Less alcohol 2 *780 x 8 ’138..«, 22 *624 
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Triethylamine Hydroch loride . 

A nearly saturated solution of tills compound, was found to contain 
57*26 per cent, of the pure salt. Its composition calculated from this 
is represented as Et 3 N,HCl + 5*75 xnol. OH 2 . 

The density determinations gave— 

djjjl 1-0202, dg 1-0184, 

OK° 

41-0167. 


The magnetic rotations gave- 


t 

Sp. rotation. 

Mol. rotation. 

16° 

1*3285 

17 -441 

16 

1 -33X7 

17*485 

16 

1 *3328 

17*498 

16 

1 *3351 

17 *528 

16 

1*3319 | 

17*487 

.16 

1 *3326 

17 *496 

16 

1 *3331 

17*502 

16 

1 *3318 

17 *473 

Average 16 

1*3322 

17 -489 


5*750 


11*739 


TeJ/retfajlammonmm Oh loride . 

The solution employed was somewhat supersaturated and deposited 
very large transparent crystals in cold weather. Chlorine determina¬ 
tions showed that it contained 55*62 per cent, of the salt; it would 
therefore have the composition EtJSTjCL + 7*833 mol. OH 2 . 

The density determinations gave— 

Q° -1 KO 

d|- 0 1*0358, dt | 0 1*0323, 

4^ 1 ' 0285 . 

The magnetic rotations gave— 
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t. 

Sp. rotation. 

Mol. rotation. 

15*3 

1 *3069 

20*926 

15 *3 

1 -3084 

20 *951 

15 2 

1 -3094 

21 *016 

15-2 

1-3120 

21*008 

18*0 

1 *3068 

20 *950 

18*0 

1*3039 

20 *902 

18-0 

1 *3068 

20*950 

18*0 

1 *3072 

20 *955 

Average 16 *6 

1*3076 

20-957 


.. 7 333 


Et 4 ,CL - 


13 * 624 . 


Piperidine Hydrochloride . 

The strongest solution which could be conveniently used contained 
52*7 per cent, of this hydrochloride, and had the composition 
C*H„N,H01 + 6-055 mol. OH 2 . 

The density determinations gave— 

d^ a 1-0716, djj£ 1-067 7, 

oeo 

d~% 1 - 0647 . 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

12-5 

1*3436 

16 *097 

12-5 

1 3430 

16 ‘090 

13 *0 

1*3430 

16 *097 

13*5 

1 *3413 

16*080 

14*0 

1 *3412 

16 *080 

Average 13 *1 

1*3424 i 

16*089 


Hess OEU ... 6 055 

CgHiiNjHCl *» ... 10*034 


Ammonium, Bromide. -v.'<'.-i 

Two, solution's containing different quantities of this SAlip’W^ , 
examined. The strength of the solutions was found by bromine 
determinations. ' 
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Solution I —This contained 40*423 per cent, of salt; its composition 
whs, therefore, -f 8*024 mol. OH 2 . 

The density determinations gave— 

d% 1-2867, 4f-o 1' 281 6, 

4 lo 


1 - 2794 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

20 *0° 

1 7291 

18-193 

20-0 

1 -7332 

18-233 

20 ‘0 

1 -7258 

18-156 

20 -0 

. 1 -7252 

18*149 

Average 20*0 

1-7283 

18*183 


Less OH 2 . 8‘024 


NH 4 Br =. 10*159 


Solution II —This contained 25 per cent, of salt; its composition 
was, therefore, NH 4 Br -f 16*339 mol. OHa. 

The density determinations gave— 

4J-° V1S86. d % 11574. 


The magnetic rotations gave— 



8p. rotation. 

Mol. rotation. 

22 -0° 

1 -4135 

26 -594 

22 *0 

1 -4162 

26-657 

22 -0 

1-4147 

26-629 

16‘5 

1-4045 

26-406 

16* 5 

1-4075 

26-462 * 

16 *5 

1-4071 

26-454 

Average 19*2 

1-4106 

26-535 


Less OHa......... ' 16*339 

10-196 
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Ammonium Iodide. 

This salt was purified by recrystallisation from alcohol, and in this 
way was obtained quite white. It was dried in a vacuum. The 
strength of the solution used was found from iodine determinations, 
made by precipitation with silver nitrate. In the first preparation, the 
solution was filtered through paper, hut it was found that this caused 
it to turn brown very rapidly, and made the readings of the 
magnetic rotations very difficult. It is much better, therefore, not to 
filter the solution, but to decant it if necessary. 

Solution I —This contained 6044 per cent, salt = KE 4 I -f 5*273 
mol. 0H 2 . 

The density determinations gave— 

df 0 1-6021, 1-5961, 

9K° 

1*9525. 


The magnetic rotations gave— 


i. 

Sp. rotation. 

Mol. rotation. 

20*5° 

3 '0124 

25 *193 

21 -5 

3 -0115 

25-191 

21 5 

3 -0145 

25 -217 

21-5 

3-0175 

25 -23S 

Average 21*2 

3-0140 

25 *209 


Less OH 2 .... 5 '273 

NH 4 I = . 19-936 


Solution II —This contained 58*46 per cent, of ammonium iodide; 
its composition was, therefore, NHJ 4- 5*722 mol. 0H 2 . 

The density determinations gave— 

- 1-5727, d 1 ^ 1-5701, 

dg! 1-5665. 

The magnetic rotations gave— 
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t. 

Sp- rotation. 

Mol, rotation- 

14*5° 

2-9277 

25 *688 

14*5 

2*9340 

25-743 

15-0 

2*9415 

25-812 

15*0 

2 *9475 

25-804 

20*0 

2 *9331 

25 -747 

18 *0 

2 *9801 

25-733 

Average 16*1 

2*9356 

25*754 


Less OH 2 ..... 5'722 


NH 4 I = 


20*0B2 


Solution III—This contained 54*64 of salt; its composition was, 
therefore, NHJ -f 6*685 mol. OH 2 . 

The density determinations gave— 

d~ 0 1-5122, dg 1-5090. 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

20-0° 

2 -7332 

26 -672 

20*0 

2-7317 

26 -657 

20*0 

2 -7332 

26*671 

20*0 

2 -7333 

26 *686 

20*0 

2 -7264 

26 *621 

20*0 

2 -7334 

26 *674 

20*0 

2 -7274 

26 *615 

Average 20*0 

2 *7312 I 

26-656 


Less OIL.... 6*685 


NH 4 I-... 19*971 


Solution IV .—This contained 30*5 per cent, of salt; its composition 
was, therefore, NH 4 I+ 18*333 mol. OH 3 . 

The density determinations gave— 

1-2351, 1-2334. 

The magnetic rotations gave— 
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t . 

Sp. rotation. 

Mol. rotation. 

21*0 

1*7949 

38*405 

21 *0 

I -79T7 

38 *405 

22*0 

1 -7806 

38*323 

21*5 

1-7909 

38 *394 

22 *0 

1-7905 

38 *323 

Average 21 ‘5 

| 1 -7927 

38-382 


Less 0H 2 .. 18*333 


20 *049 


Mesults of the Four Solutions . 


Solution I. 60*44 per cent....... 19*936 

„ II. 58*46 „ 20*032 

„ III. 54*64 „ 19*971 

„ IY. 30*5 „ 20*049 


Average. 19*997 


Solution of Ammonium Iodide in Absolute Alcohol . 

The iodide of ammonium was well dried at 100°, and then boiled 
and kept with absolute alcohol some days; this was poured oil and 
the salt twice more boiled with fresh quantities of absolute alcohol, 
the third solution being kept for use. The alcohol used had a density 
] ^° 

of d~~ Q 0-7947°. The strength of the solution was found by iodine 
15 

determinations; it contained 21*10 per cent, of salt, and had the 
composition NEJ + 11*782 mol. C 2 H 6 0. 

The density determinations gave-— 

4^ 0-9460, 0-9421. 

10 lo 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

17-0° 

1-2790 

51 *561 

16*0 . 

1*2848 

51-762 

16*0 

1 *2834 

51 -702 

15 *0 

1*2848 

51-730 

15*0 

1*2863 

51 -788 

■ Average 15 *8 

1*2836 

51 *709 


Less alcohol, 2*780 x 11*782 = 32*754 


18 *955 
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Ammonium Nitrate. 

The aqueous solution used contained 59*7 per cent, of this salt; 
its composition was, therefore, JSTH 4 N0 3 -+* 30H 2 . 

The density determinations gave— 

d~ T2864, 1-2814, 


r27764 

The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16*0 

0-9147 

5 *315 

16-0 

0*9191 

5 *341 

16*0 

0 -9172 

5*329 

16 *0 

0-9176 

5*332 

15*0 

0 -9127 

5*302 

15*0 

0 -9130 

5*304- 

Average 15*6 

0 -9157 

5*320 


Less 30H 2 .3*000 


2*820 


Acid Sulphate of Ammonium. 

The solution of this salt used was slightly supersaturated; it con¬ 
tained 66*67 per cent, of salt, and had the composition NII 4 HSO 4 + 
8*193 mol. OH s , 

The density determinations gave-*— 

d \|° 1-4429, df~ 1:4387. 


The magnetic rotations gave— 


t 

Sp. rotation. 

Mol. rotation. 

18*0 

1 *0000 

- """ 

6-647 

17*0 

1*0061 

6 *656 

17*0 

0 -9956 

6*615 

15 *0 

1*0061 

6 *664 

15*0 

1 *0000 

6*658 

Average 16*4 

1-0016 

6 *648 

LtNrfS OIL .», 


.. 3*193 

nh 4 hso 4 » 


8*455 - 








722 


PERKIN : THE MAGNETIC ROTATORY POWER 


Ammonium Sulphate, 

An aqueous solution containing40'00 percent, of this salt was used;. 
its composition was, therefore, (NHiJaSOj + 110H 3 . 

• The density determinations gave— 

d: 1-2308, 41° 1 ' 2296, 

90° 

i2285 - 


The magnetic rotations gave— 


t. 

Sp. rotation. 

Mol. rotation. 

16*0 

1-0740 

16 -016 

14*5 

1 0721 

15 *984 

11*5 

1 -0754 

16 *023 

10*5 

1 *0743 

16 *005 

23 *0 

1 *0690 

15*952 

23*0 

1*0690 

15*952 

23 *0 

1*0695 

15 *958 

23 *0 

1 -0685 

15 *945 

18*0 

1*0721 

15 *988 

Average 18*05 

1-0715 

15 *980 


Less 110H 2 ... 11 *000 

4*980 


Observations on the Nitrates, Ni fro-compounds, and Nitrites . 

On placing the boiling points of the nitrates, nitre-compounds, and 
nitrites side by side, the differences between them are seen to be very 
remarkable, thus the nitrates, which are the more highly oxygenated 
compounds, do not boil at so bigh a temperature as the nitro.com- 
pounds, whilst the nitrites, which ai*e isomeric with the latter, are 
extremely volatile: thus— 




B.p. 


B. p. 

Fitro-compounds., 

... cH 3 -m 

,... 101 ° 

c 2 h 6 -no s . ... 

114-5°. 

Nitrates .... 

.. . CH 3 -0-N0 2 .. 65° 

c 2 h 6 -o-no 2 . . 

00 

■VT 

A 

o 


Difference.. 

.... 36° 


27° 



B.p. 


B. p. 

Nitrocompounds * 

C 3 H,-NO a ... 

. 131° 

(CH^AHs-lTO* 

,.140° 

titrates. 

c 3 h 7 -o-no 2 . 

.110*5° t 

(CH 3 ) 2 C 2 H 3 -0-N0 

».. 124° 


Difference .. 

. 20*5° 


.. 16° 
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Nitro-compounds.... 
Nitrites .. 


B.p. 

ch 3 -no 2 . ... 101° 

CHyONO.. Gas 


B.p. 

C 2 H 5 *N0 2 .... X14*5 C 
C 2 H 6 -ONO .. 17° 


Difference.. more than 101° 


97*5° 


B. p. B. p. 

Nitro-compounds C 3 H 7 -N0 2 . .. 131° (0H 3 ) 2 C a H 8 -N0 2 .. 140° 

Nitrites ........ C 3 H 7 *ONO.. 44° (CH 3 ) 2 C 2 HyO*NO.. 67*5° 


Difference .. 87° ... 72*5° 


It is also worth noticing that in the lower members of the series 
the difference between the boiling points is greatest; thus in the 
comparison of the nitrites and nitro-compounds methyl nitrite is a 
gas, whilst the nitro-compound boils at 101°; with the ethyl-com¬ 
pounds the diff. is 97*5°, in the propyl 82°, and in the isohntyl 72*5°. 
The same thing is seen when comparing the nitrates and nitro-com- 
pounds. 

The densities do not vary in the same order as the boiling points, 
those of the nitrates being the highest. The nitrites, however, are 
considerably lower than the nitro-compounds : thus— 


Ethyl nitrate.. 

. ^ 11159 

Nitro-ethane ........ 

. „ 1-0561 

Ethyl nitrite..... 

0° 

. d" 0*920 

0° 

Isohntyl nitrate . 

. 41 1-0334 

4 

Nitro-isobutane . 

. 0° 1-0083 

Isobutyl nitrite . 

. 41 0-8878 

4 


The boiling points and densities of nitro-compounds being so very 
much higher than those of nitrites, made it desirable to determine 
the molecular weight of a nitro-compound at a lower temperature 
than had been previously employed; Raoult’s method was therefore 
used. The experiment was made with glacial acetic acid, T250 parts 
of nitroethane being added to the 100 parts of acid, the result obtained 
for the molecular weight was 80, the theoretical number being 75, 
therefore, notwithstanding the above peculiarities, when in the liquid 
state nitroethane has the same molecular weight as that found by 
Victor Meyer for its vapour. 
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Nitric Acid. 

The specific magnetic rotation of this substance is very low, only a 
little more than half that of water. The small amount of water in 
the specimen examined would, if anything, slightly reduce the 
rotation, as will he seen further on, but the maximum effect it would 
produce could not be more than 0*004 on the molecular rotation, it 
may therefore be disregai'ded. 

Hydrated Nitric Acid. 

The acid examined contained 56*74 H 2 N0 3 , and had the composition 
H0*N0 2 + 2*670 mol. GH>. The effect of the water is to reduce the 
rotation, thus— 

HOdSFO, + 2*670 OH, = 3*656 
less 2*670 OH, = 2*670 

HOISFO, = 0*986 
Pure HONO, gave 1*180 

Difference = reduction = 0*194 

It therefore appears that combination takes place as in tbe case of 
sulphuric acid (Jour. Ghem. Soc 1886, 49, 783). This contraction, 
however, is not quite so large as would be expected from the union of 
1 mol. of water with the acid, and it is very probable that for the 
existence of H,H0 4 a larger percentage of water may have to be 
present than in the acid examined, as in the case of sulphuric acid, 
which apparently requires at least 3 mols. of water to be added to 
H,SO, for the conversion of all the acid into (HO) 4 SO. The cal¬ 
culated molecular rotation for H 3 H0 4 would he about 1*930; the 
above result makes it 1*986. The existence of such a compound as 
(HOJsNiO cannot be regarded as improbable, as we have an analogous 
compound in the case of ortho phosphoric acid, (HO) 3 PX), and, more*, 
over, there are several salts which correspond to (HO) 3 H:0, as— 

Trimercurie nitrate, Hg 3 f 'H 2 Oa, 

Tricupric nitrate, Gu 3 "N 3 0 8 , 

Trxpiumbic nitrate, Pb 3 "N s Q 8 , 

though there are no nitrates of the alkali metals of this type corre¬ 
sponding to the alkaline ortho-phosphates. 

Nitric Ethers. 

When nitric acid is converted into a nitric, ether the change which 
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takes place in tlie rotation is very similar to that of the acids of the 
fatty series and shows contraction, the increase of the rotation by the 
alcohol radical not being equal to that required for change of compo¬ 
sition. The best compounds to compare nitric acid and its ethers 
with are perhaps formic acid and its ethers, as formic acid contains the 
smallest amount of carbon. By subtracting the molecular rotation 
of the acids from the rotation of the ether, the difference obtained 
for the changes of composition can easily be compared— 


Nitrate of methyl .... 
Nitric acid. 

2*057 

1*180 

Formate of methyl ... 
Formic acid .. 

2*495 

1*671 

Difference for GH 2 .... 
Ordinary value for CH* 

0877 

1-023 

Difference for CH 2 .. .. 
Ordinary value for CH 3 

0*824 

1*023 

Nitrate of ethyl. 

Nitric acid.. * 

8-084 

1-180 

Formate of ethyl ., ., 
Formic acid . 

3*564 

1*671 

Difference for C 2 H 4 .. 
Ordinary value for OJT 4 

1- 904 

2- 046 

Difference for C 2 H 4 .. 
Ordinary value for C 3 H 4 

1- 893 

2- 046 

Nitrate of propyl. 

Nitric acid .. 

4-085 

1-180 

Formate of propyl,. .. 
Formic acid . 

4-534 

1-671 

Difference for C 3 H 6 .. .. 
Ordinary value for C 3 H 6 

2- 905 

3- 069 

Difference for C 3 H G .. 
Ordinary value for C 3 H 6 

2- 863 

3- 069 

From these comparisons 

we see how similar the behaviour of nitric 


acid is to that of formic acid. If acetic acid and its ethers had been 
taken for comparison, nearly the same amount of agreement would 
hare been observed, so that nitric acid may be said to behave in a 
manner similar to a fatty acid in respect to its formation of ethers. 

The only other oxygenated inorganic acid which has been examined 
is sulphuric acid, and this also behaves like the fatty acids in reference 
to its methyl ether—the only ether yet examined {Jour. Ohem * Soc., 
1886, 49, 785)—thus 

Sulphate of methyl 
Sulphuric acid.... 


CH* ... 
Ordinary value for 0H 2 , 


Mol. rotation. 

4*013 

2*315 

2 / 1*698 


0*849 

1*023 
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Ethylene Nitrate . Nitroghjcol , C2Ht(0*N0 2 )2* 

The density of this substance is higher than that of ethyl nitrate, 
as might be expected; the difference at 15° is 0*3801 for ; its 

specific rotation is slightly lower. The following comparison shows 
the variation between their molecular rotations :— 


Ethylene nitrate . 3*768 

Ethyl nitrate.. 3*084 


Difference for displacement of H by -0 'N<^q 0*684 


Nitroglycerin, C 3 E 5 (ON 0 2 ) 3 • 

The sp. gr. differs from that of propyl nitrate at 15° by 0*6378 for 
15° 

d~ . The relationship of the molecular rotation of this compound 
Id 

to a mono- and di-nitrate will be best seen if the rotation of dinitro- 
trimethylene be calculated from that of dinitroethylene, and used with 
propyl nitrate for comparison— 


I) iff 

Proplyl nitrate. 4*086j Q.^g^ 

Trimethylene nitrate (calc.) 4**769 
Nitroglycerin .......... 5*407 j 6’63b 


From this we see that the introduction of the second NO a has not 
produced quite such a large increase in the rotation as the first. 
This is strictly in accordance with displacements by hydroxyl (Jour, 
Gliem . Soc,, 1884, 45, 5*59), where the influence on the rotation 
gradually diminishes with the introduction of successive groups, so 
that the behaviour of these compounds is normal, and the results agree 
with the constitution usually assigned to them. Had nitroglycerin 
contained its nitrogen in any other combination of oxygon than as 

— 1 as it might if its constitution were represented as 

0 3 H 2 (N0 2 ) 3 (0H)3, the rotation when compared with that of propyl 
nitrate would be abnormal. 

In the case of isobntyl nitrate, the influence of the iso-group is 
found to assert itself. This may be seen by comparing it with the 
calculated rotation of the normal nitrate:— 


Butyl nitrate (iso) . 5*180 

Butyl nitrate (normal).. 5*108 


Difference for iso-group .. 0*072 
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This difference is somewhat less than that usually obtained. Thus 
in the case of the alcohols it is about 0*144, and for paraffins, 
aldehydes, and ethers about 0*112 (,Jour . diem. Soc., 1884, 45, 
550—551). 

Nitrites. 

The only compound of this class examined is isobutyl nitrite.* 
This was selected as being more stable and less volatile than the 
lower numbers of the seines. The nitrogen of this substance being 
united to the hydrocarbon radical by oxygen as in a nitrate, it may 
be considered in relation to isobutyl nitrate, thus— 

Mol. rotation. 


Isobutyl nitrite. 5*510 

Isobutyl nitrate. . 5*180 


Difference + 0*380 

The fact that isobutyl nitrite, although containing less oxygen than 
isobutyl nitrate, and consequently of a smaller molecular weight, has 
a higher molecular rotation, is very interesting, as showing that 
nitrogen when in an unsaturated condition affects the rotation of a 
substance in a similar manner to unsaturated carbon, by considerably 
increasing it (Jour. Ohem. Soc., 1884, 45, 561). This point will be 
referred to again further on. 

One of the reasons why nitrites have a much lower boiling point 
than nitrates may be due to their being unsatnrated compounds, 
because we find in many cases that these have lower boiling points 
than saturated compounds. For example, vinyl chloride is a gas; 
ethyl chloride boils at 12*5°; dichlorethylene boils at 37°; ethylene 
chloride at 84°, <&e. 

Nitro-compounds. 

These have the same empirical composition as the nitrites, but 
their rotations are very different, thus— 


Propyl nitrite (cal.) . 4*387 

Nitropropane. . 3*819 


Difference — 0*568 

At first sight this might be thought to be simply due to the 
nitrogen in nitropropane being saturated and in the nitrite unsatu¬ 
rated, and no doubt this is the chief cause of the variation; but it 
must be borne in mind that the structures of these two compounds, 

# Since writing the above some other nitrites have been examined, which give 
rotations confirming ibat of isobutyl nitrite. , ; 

8 e 2 i , ; 
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differ, the nitrogen of the nitropropane being in direct union with 
the carbon, whilst that of the nitrite is attached to it by the inter¬ 
vention of oxygen, is sufficient to account for a small part of the 
difference between the rotations of these bodies, 

The influence of the group — N<^q when displacing the hydrogen 


in paraffins is very small, thus— 

Nitropropane. 3*819 

Propane (cal.) . 3*590 

Difference. 0*229 

With compounds of larger rotation than the above, it acts very 
curiously, actually reducing them, thus chloroform has a larger 
rotation than nifcroehloroform (chloropicrin)— 

Chloroform. ♦.. . . . 5*559 

N it-ro chloroform . 5 • 384 

Difference ........ 0*175 

The same thing is seen to a greater extent in the aromatic series 


when the nitro-compound has a much lower rotation than the hydro¬ 
carbon it is made from, and in nitroparaffins it probably reduces the 
value of the hydrocarbon radical. 

As noticed on several occasions, the magnetic rotation of the first 
and second members of a series of carbon compounds do not give 
numbers "which hear the same close relationship to each other as those 
of the higher members, which differ regularly by 1*023. This is also 
seen in the case of the nitro-componnds -which vary by only 0*98, 
and in the nitrates, which vary first by 1*0*25 and then by 1*00, as the 
following diagram will show (Pig. 1), where they are compared wdtli 
the formates and acetates. The circles on the dotted lines show the 
positions they w r oukl occupy if they had the ordinary relationships. 
The ordinates in this diagram are the decimal numbers only of the 
molecular rotations. 

Observations on the Rotation of the Bases, 

As the values for the rotation of ammonia were obtained from its 
solutions in water and in alcohol, it might be objected that they are 
not'trustworthy, as probably combination of the ammonia and the 
solvent might take place. It was for this reason that two different 
solvents were employed; alcohol being taken as one, the probability 
of the combination of ammonia with this liquid being less than with 
water. The quantities of the solutions prepared were considerable, 
so that on taking out samples for examination no appreciable change 
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of composition would take place in the bulk from loss of ammonia. 
It will be observed that both solutions gave practically the same 
rotations for ammonia, viz., 1*818 and 1*826. 

It would appear, therefore, that when ammonia is absorbed either 
by water or by alcohol, the product simply consists of the solvent 
and ammonia. This is confirmed by the rotations of its nitrate and acid 
sulphate. I hope, however, to examine ammonia liquefied by pres¬ 
sure at some future time, and also other easily liquefiable gases. 

The displacement of an atom of hydrogen in ammonia by an 
alcohol radical increases its rotation, as wonld be expected, but not 
to the full extent usual for a change of composition, which is 1*023 
for every CH 2 in the homologous series. This, however, is not a case 
quite comparable with the homologous series. 

In the displacement of a second atom of hydrogen in ammonia, the 
rotation is increased proportionally more than by the first, and in 
diethylamine it is about the usual amount for the homologous series. 
In dipropylamine it is only a little less. 

When, however, we come to the displacement of the third hydrogen, 
a very remarkable increase of the rotation takes place, marking out a 
clear distinction between diamines and triamines. 

The effect of displacing a fourth atom of hydrogen by an alcohol 
radical in ammonium chloride is still greater than for the displacement 
of the third in ammonia, or, what is the same thing, in ammonium 
chloride; this will be seen by the following comparison • 


Tetrethylammonium chloride . 13*624 

Triethylamine hydrochloride (cal.). 10*005 

'Difference for C 3 H 4 . 3*619 


The following are the results obtained with the ethylamines and 
propylamines, showing the differences resulting from the displacements 
and between the variations of rotation. The displacement of hydrogen 
by C 2 H 6 , C 3 H 7 , and C 4 H 9 is, of course, as far as composition is con¬ 
cerned, practically the same as the addition of C 3 H 4 , C 3 H G , and C 4 Ii 8 . 


Difference 

between 

Molecular Diff. for rotations for 


[H 

Ammonia ... N < II 

[H 

fEt 

Etliylamine.......... N J H 

| Et 

Diethylamine ........ N-! Et 

fEt 

Triethylamine. ...... N < Et 

i Et 


rotation. C 2 H 4 . each C S E 4 . 

X *8X8. 

L 1*791 

3 *609 j i 0*262 

l 2 *053 j 

5 *662=! L 0*803 

L 2*856-* 

8*518-* 
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Ammonia, 


Propylamine 


Dipropylamine 


Tripropylamine 


Molecular 

rotation. 

f H 

N -I II 1-818, 

IH I 

NN H 4-563^ 

IH 1 

fPr f 

N-| Pr 7-549^ 

U 1 

fPr f 

N-iPr 11-664- 1 

I Pr 


Difference 

between 

Diff. for rotations for 
C s H 6 . each C :1 H 6 . 


2-745. 

2-98C 

4-115 


0-241 

1-129 


So that, whilst the variation of the rotations for C 3 H A "between 
etliylamine and diethylamine differs by only 0*262, those between 
diethylamine and triethylaxnine differ by no less than 0*803 ; between 
propylamine and dipropylamine, the variation of the rotation for C a H 6 
is only 0*241, yet between dipropylamine and tripropylamine it 
amounts to 1*129. 

The relationships of the rotations of the ethylamines and propyl- 
amines amongst themselves and to each other will be more clearly 
understood by reference to Fig. 2, where they are represented 
graphically. 

In case of the displacement with isobzityl, the examination of 
the first two only have been made, but they give results much the 
same as in the other eases. They are, however, interesting as showing 
that the iso-radicals, as compared with the normal, still exert their 
peculiar influence on the rotation. The following is a comparison of 
the results obtained with these substances:— 

Molecular 
rotation. 

rn 

Ammonia..... 1*818. 

[H 1 

fBu f 

Isobutylamine.., 1ST < H 5 *692 ^ 

IH 1 

fBu f 

Diisobutylamine...... If < Bu 9 *936 J 

IH 

To get the true effect of the iso-gronp on the rotations of these 
bases, it would he necessary to compare them with the normal butyl- 
amines, but these have not been examined; it can be shown, though 
not very accurately, by comparing them with the propylanaines, in 
which case the difference between them should be greater than that 
for the value of CH S ; this will be found to be the case, thus— 


Diff. for C 4 H g (Iso), 
3 * 874*1 


0*370 


4 *244j 
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FIG. 2. 

CURVES FORMED BY THE ROTATION OF ETHYLAMINES AND 
PROPYL-AMINES. 
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Isobutylamine .. 5*692 

Propylamine... 4*563 

1*129 

Difference for CH 2 .. 1*023 

Difference for iso-group. ..,. 0*106 

Diisobufcylamine .. 9*936 

Dipropylamine. 7*549 

2*387 

Difference for CEL, x 2. 2*046 


Difference for two iso-groups 0*341 


These numbers are as close as could be expected by this method of 
comparison, and clearly show that this iso-group influences the 
rotations of amines in the same manner as it does other classes of 
compounds. 

The results produced by the displacement of the hydi’ogen of 
ammonia by alcohol radicals stand alone; the only other analogous 
cases occur in the displacement of the hydrogens in water by ethyl, 
when the rotations increasingly rise with each, much as in the two 
first displacements in ammonia, thus— 


Molecular 

rotation. 

Water ...... ®{h ^ ‘990 . 

Ethyl alcohol. O ] g 2'780 j 

Ethyl oxide.. O | ^ 4 '777 


Difference. 


1*780 

1*997 


0*217 


And when the hydrogen in the methyl of methyl alcohol is displaced 
by methyl, but although we at first get an increase in the rotation 
of this group for the first and second displacements, the analogy with 
ammonia then fails, as the introduction of a third atom of methyl 
does not increase the rotation to the same extent as the others do. 


Methyl alcohol... 

Ethyl alcohol ........... 

Isopropyl alcohol. 

Tertiary butyl alcohol.... 



‘H 

Molecular 

rotation. 

HOC * 

H 

H 

' Me 

1*640. 

f 

HOC’ 

H 

[H 

[Me 

2*780^ 

HOC< 

Me 

[h 

f Me 

4*019:1 

HOO 

Me 

Lite 

5 *122-* 


Difference. 


1*140 

1*239 

1*103 


wo- 

•im J 


0*099 

136 
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In allylamine we Rave an example of an unsaturated radical dis¬ 
placing the hydrogen of ammonia; as in the other cases, this being 
a first displacement, the radical does not increase the rotation to 
the same extent it usually does in other classes of compounds, thus—• 


Ammonia.. 
Allylamine 



Allylacetic acid. 6*426 

Acetic acid. 2*525 


Increase due to C 3 H 5 .. 3*901 

Ethyl allylacetoacetate ........ 10*382 

Ethyl acetoacetate. 6*501 

Increase due to C 3 H 5 .. 3*881 

Ethyl allylmalonate. 11*281 

Ethyl malonate . 7*410 

Increase due to C 3 H 5 , * 3*871 


If compared with propylamine, the increase due to the radical being 


unsaturated will be seen— 

Allylamine . 5*587 

Propylamine. 4*563 

Difference. 1*024 


This is about the usual difference, although it is a little larger than 
is usually found for compounds containing ally!. 

Pentamethylenediamine is a useful example of the successive dis¬ 
placements of hydrogen by KH 2 in paraffins. This can be seen by 
comparing its rotation with that of amylamine and then again with 
pentane. 

Difference for 


Pentane...* 

Amylamine (calculated) . 
Pentamethylenediamine.. 


5*688 1 
6*609 | 
7*492 f 


displacement 
of H by NH. 

0*971 

0*883 


From this it is seen that the second displacement produces rather 
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less effect on the rotation than the first; this we find to he the case in 
other displacements in the paraffins, as in the hydroxyls of glycerin 
previously referred to, &c. 

Before considering the rotations of piperidine and pyridine, it will 
be as well to consider those of the two nitriles, propionitrile and 
glntaric nitrile (cyanide of trimethylene). To compare these com¬ 
pounds it will be the simplest plan to add 1*023 to the rotation of 
propionitrile, which will give the value of butyronitrile, viz., 1*023 + 
3*331 = 4*354, and both numbers will then be related to compounds 
of the same hydrocarbon; we then get the following comparisons 


Propane (calculated). 

3*5901 

0-764 

Butyronitrile (calculated). 
Glutyronitrile. 

4-3541 
5136/ 

0*782 

Average .... 


0-773 


In this case the first and second displacements by GIN give nearly 
the same numbers, the second being slightly the higher; this is excep¬ 
tional in compounds of this class, and may possibly be due to some 
slight impurity in the glutyronitril: the numbers, however, cannot 
be far from the truth. 

Piperidine .—The magnetic rotation of this base is very low, show¬ 
ing clearly that it is a saturated compound. The following is a 
comparison of it with amylamine, which contains two atoms more 
hydrogen:— 

Amylamine ....... 6*609 

Piperidine.. 5*810 

0*799 


This is a rather larger difference than is usually found between a 
saturated fatty compound and a saturated ring compound, and is 
more than the value of PL (0*508) by which they differ. 

A number of ring compounds discovered by my son have had their 
magnetic rotation determined, and will show this; those containing a 
methyl group will require to have the usual amount deducted from 
them, as it has been shown that this increases the rotation by about 
0 * 111 , as in iso- and secondary compounds. 


Valeric acid, C 5 H 10 O 2 ..... 5*513 

Tetramethylenecarboxylic acid, GsHgO^ ....... 5*049 

Difference ............ 0*464 
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CEnanthylic acid, CjETuOa . 7*552 

Methylpentamethylenecarboxylic acid, CiHwOa.. 6*928 

0*624 

Less . ...» 0*111 

Difference ... 0*513 

Caprylic acid, C h H 1g 0 3 ... 8*565 

Methylhexamethylenecarboxylic acid, CsHhQs .. 7*974 

0*591 

Less. 0*111 

Difference... • 0*480 

Ethyl propylmalonate, CsHgCbEto. 10*370 

Ethyl tetramethylenecarboxylaie, C 6 H c G 4 Bt 2 .. . 9*940 

Difference ... 0*430 


The average of these diffei'ences is 0*471, not very far from the 
value of H 2 by which they differ, but only a little more than half the 
difference found between amylamine and piperidine; in this case, 
however, we are dealing with a base, and it has been seen that sub¬ 
stances of this class are somewhat exceptional in their behaviour; 
this, therefore, may be the cause of the variation. 

Pyridine has also a very low rotation if considered in relation to 
aniline, from which it differs only by CH 2 , thus— 

Aniline. 16*162 

Pyridine . 8*761 

Difference_ 7*401 

in fact, it is lower than benzene, from which it differs only by having 
N substituted for CH, and the value of this element as N /V is not 
very different from that of CH (see p. 738). 


Benzene. 11*297 

Pyridine...,. 8*761 

2*586 

Less for H .... 0*254 

Difference. 2*282 


This is very remarkable, especially when we find that the intro* 
duction of NTH 3 into benzene increases its rotation so much. 
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Aniline. 16*162 

Benzene. 11*297 

Influence of 4*865 

By comparing pyridine with, piperidine the effect of the difference 
of H 6 , by which they vary in composition, will be seen. 


Pyridine. 8*761 

Piperidine . 5*810 


2*951 

This shows how much the higher of the two the rotation of pyridine 
is, through being an nnsaturatecl compound, although of less molecular 
weight than piperidine. This is not very far from three times the 
difference existing between saturated and unsaturated compounds 
differing from each other by Ho. 

Isobutylamine with Water and Alcohol. —As aqueous and alcoholic 
ammonia appear to be simply solutions of NTH 3 in these solvents, it 
was thought that it would be well to see if a monamine acted in.the 
same way. Solutions consisting of equal volumes of isobutylamine 
and water, and isobutylamine and alcohol, at 15°, were therefore 
made; in both cases heat was evolved and contraction took place; the 
latter will be seen by a comparison of the found and calculated den¬ 


sities of these mixtures. 

Water and Isobutylamine. 

Density found. 0*9002 

Average density. 0*8681 

Difference due to contraction ,.. 0*0321 

Alcohol ( absolute ) and Isobutylamine (the mean of two preparations ). 

Density found ... 0*7791 

Average density... 0*7656 

Difference due to contraction.. ., 0*0135 


On comparing the magnetic rotations of these mixtures, it will be 
found that a small amount of combination is indicated. 

JEJqual Volumes of Water and Isobutylamine . 

Molecular rotation of mixture calculated 


from constituents . 11*200 

Molecular rotation of mixture found ..... 11 *099 

Difference ...... . ......... 0*101 
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Equal Volumes of Alcohol and Isobutylamme. 
Molecular rotation of mixture calculated 


from constituents. 10*459 

Molecular rotation of mixture found. 10*361 

Difference. 0*-098 


Piperidine and Water .—This base has a great attraction for water, 
and considerable beat is evolved on mixing these two substances. 

The mixture examined bad tbe composition C 5 HuN 4- OB 2 . The 
following is a comparison of tbe average and found densities of tbe 


mixture :— 

Density found.. 0*9133 

Average density . 0*8897 


Difference due to contraction . .. 0*0236 

Tbis is a considerable contraction for tbe small quantity of water 
used, viz., 17*07 per cent. Tbe magnetic rotation of tbis also shows 
a small amount of combination. 

Molecular rotation of mixture calculated 


from constituents. 6*810 

Molecular rotation found. 6*724 

Difference . 0*086 


Tbe rotation of isobutylamine with water and alcohol, and of 
piperidine with water, therefore indicates that these mixtures contain 
a small quantity of unstable compounds, of tbe composition—- 

C4 ^‘]-N-OH, ° 4 h! j N-OEt, Ci g'‘ j N-OH. 

the amount most probably varying witb the temperature, as was found 
in tbe examination of mixtures of aldehyde witb water and alcohol 
(Jour. CJiem. Soc., 1887, 51, 815—819), and of course maybe tbe ease 
witb solutions of ammonia, but, if so, the amount entering into com¬ 
bination at tbe temperatures at which tbe rotations were observed 
was too small to appreciably affect them. 

Value of Nitrogen . 

From tbe foregoing results it is possible to get an estimate of the 
amount of influence nitrogen has on tbe magnetic rotation of bodies. 
In tbe first place, it will be as well to consider it as it exists in 
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nitrates , where it is in a pentavalent condition. If these bodies have 

the composition RO — hT<^Q, it will be necessary to subtract from a 

nitrate, the value of the radical, also that of one oxygen as found in the 
hydroxyl of acids, namely, 0*137, and for the two oxygens which are 
fully saturated with nitrogen, that is the values which this element has 
when fully saturated with carbon, viz., 0*261, which is probably the 
same as if saturated with nitrogen. We then get from ethyl and 
propyl nitrates the following results:— 


Ethyl nitrate. 


3-084 

Ethyl. 

2*300] 


0 2 saturated by N. 

0*522 > 

2*959 

O in hydroxyl of acids., 

0137 J 


N v .... 


0-125 

Propyl nitrate . 


4-085 

Propyl. 

3*323] 


O,. 

0 522 > 

3-9S2 

0 . 

0*137 J 



N v .. 0*103 


These numbers are not far apart, and shbw that the value of nitro¬ 
gen when saturated is very low, namely, about 0*114. 

This method of calculation cannot be satisfactorily applied to nitro¬ 
compounds, because we have no very definite information as to the 

effect produced on the rotation when —is in direct union with 

the carbon of an alcohol radical, except that it appears to reduce the 
value of the hydrocarbon radical to a small extent. 

In the nitrites the nitrogen is trivalent. We can get a value for it 
in a similar manner to that used with nitrates, taking the constitution 
to be 

R*0 -NlO. 

It will be more simple, and perhaps more correct, if the rotation of 
propyl nitrite be used in this estimation; this is easily obtained from 
that of isobutyl nitrite, by adding to the rotation of propyl nitrate the 
difference found between isobutyl nitiute and nitrate; this is 0*330. 
Propyl nitrite will therefore be 4*085 (propyl nitrate) -f 0*330 = 
4*415. 
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Propyl nitrite... 4*415 

Propyl . 3*3231 

0 saturated with NT. 0*261 r 3*721 

0 as in Hydroxyl of acids. 0*137 

W" .... 0*694 


The rotation of nitrogen in bases can be found approximately 
by subtracting tbe rotation of a paraffin from a base and tlien the 


value of H from tbe remainder. 

Amylamine (calculated).. 6*609 

Pentane .... 5*638 

NH. 0*971 

Less H ..., 0*254 

W n . 0*717 

Tbe cyanides also can be used to give a value, thus— 

Ethyl cyanide.1 

Isopronitryl ..J 

Less ethyl... 2*300 

ON.. 1*031 

Less C. 0*515 

]SP"...,. 0*516 

Taking trimetbylene cyanide we get— 

Trimetbylene cyanide. 5*136 

Trimetbylene, CH 3 X 3 . 3*069 

(CN) a ... 2*067 

Less C 2 . 1*030 

MT,'".... 1*037 

W r ' .... 0*518 

Average value of J5T" = 0*611. 


In tbe cyanides tbe value comes a little lower than in tbe other pro¬ 
ducts, but it is possible that the value of carbon subtracted is not quite 
correct, as we do not know its true value when three-fourths saturated 
with nitrogen; though of course in all the values found for the 
elements they are only approximate and not absolute, as they are 
found to vary slightly in different series of compounds, and in some 
instances they vary considerably. These numbers, however, show the 
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interesting fact that nnsatnrated nitrogen (N'") has a very much 
greater influence on the magnetic rotation of compounds containing it 
than when it is saturated (N v ) ; this is about 0*5, taking the average 
of all the values given, and practically half the amount of the difference 
usually found between saturated and unsaturated carbon compounds 
(differing by H 2 ). 

The clearest evidence of this is, perhaps, after all, best seen in the 
comparison between a nitrite and nitro-compound, where both have 
the same composition, the variation due to difference of constitution 
probably not reducing the rotation of the nitro-compounds by more 
than about GT; this would then leave 0*468 between these compounds 
in favour of W" over N v . 


Hydrochloric, Hydrobromic , and Hydriodic Acids. 

When studying the magnetic rotations of the aqueous solutions of 
these acids, one striking fact is noticed, and that is the magnitude of 
the numbers as compared with those deduced from the rotations of 
the chlorides, bromides, and iodides of the alcohol radicals. The 
latter, however, refer to the acid in combination, and not in the free 


state, but the addition to them of about 0*2 will make the 

necessary 

correction for this. 

The nnmhers are as follows:— 



In combina¬ 

In free 


tion. 

state. 

Hydrochloric acid 

.. Cl 1-733 + H 0-254 = 1-987 

2-187 

Hydrohromic „ 

.. Br 3-562 + H 0-254 = 3'816 

4-016 

Hydriodic ,, 

.. I 7-757 + H 0-254 = 8-011 

8-211 


Concentrated aqueous solutions of these acids were first examined, 
and these gave molecular rotations for the pure acids nearly twice as 
large as the above; a more dilute solution of one of the acids was 
then examined, and this gave a still higher result, and it soon became 
evident that acids in different states of concentration gave different 
results; it appears necessary, therefore, to examine a graduated series 
of each acid, commencing with very concentrated and finishing with 
dilute solutions. The following are the results obtained 

Mol. rotation 
o£ HOI. 

4*045 
4*215 
4*303 
4*405 
4*419 


Hydrochloric acid .. . 
,, * - * 

™ * * * 

Tt * * * 

» * * * 


41’70 per cent. TSCI 
36-5 „ „ 

3086 ••„ ■„ 

25'G0 „ 

15'63 „ 
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Mol. rotation 
of H Br. 

7- 669 
8*061 

8- 415 
8-547 
8-519 


Hydrobromlc acid 


65-59 per cent, HBr 
56*00 „ r> 

39*71 »» 

24-60 

lo'47 ” 


Hydrbdic acid. 67-02 per cent. HI 

* 6510 

. 61-97 

. 56-78 

. 42"70 j) ji 

[. 81-77 

_ 20-77 


>, 

ji 


Mol. rotation 
of HI. 
17-769 

17- 868 

18- 117 
18-308 
18-403 
18-451 
18-428 


T, nil these series it is seen that the molecular rotations found for 
,, 1 4 acids firs t rise as the solution is diluted, and then become 

Sv stationary the variations of the last two numbers m eacn 
S°, “ J, tei.g more the. migll be expected from expermto.l 

“ Ttoe. results to to »»•—*•* » *** *> 

ttomTi. X no.t the p.reeetege .( tie .cide, the 
Stoto tie molecular composition of tie sol.tiom The 

™ t rsfcr ties, are toil p™ on the top of tho drag.™ wide 
tto for tie rotations are S i.en in time eol.mns, oue ot> He left 
• l' oml two on the right side, each headed with the formula of the 
SIC -°1 it refers to This arrangement was adopted to get the three sets 
“trvesT s tarly as possible in juxtaposition. It will be noticed 
how great a similarity there is m the character of these curves, 
especially those corresponding to the molecular proportions; each 
1? rapidiv from the calculated rotations ot the acids and then 
"°«riv P t J ning 0 ff to a horizontal line. The difference of the 
highest ^rotation, represented by the horizontal lines f rom the calcu¬ 
lated is in all cases more than twice as large as the latter, thus 


Highest number .. 
Calculated number 


HC1. 

.. 4-412 

.. 2-187 

HBr. 

8-533 

4-016 

HI, 

18*435 

8*211 

.. 2-225 

4-517 

10-224 


Difference. 2225 

All the rotations of these acids closely approach the horizontal line, 
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and therefore their highest rotations, when they contain from 6 to 
7 mols. of water. 

It is very difficult to form a conception of the meaning of these 
results, so far as experiments have gone. Acids when diluted with 
water either combine with it, and thus cause a reduction in the 
rotation, as sulphuric (/. Ghem. Soc 1886, 49, 782—784) and nitric 
acids, or are not influenced by it, as in the case of formic, acetic, 
propionic (J. Ghem. Soc., 18S6, 49, 778—781), glutaric acids, &c., 
but in no case does an increase take place; such a result would 
indicate dissociation. It was thought that something of this kind 
might take place, the very concentrated acids possibly containing 
complex molecules built up of several molecules of the acids, arid 
breaking down on dilution; thus the highest rotations would be the 
correct ones for the simple acids, but the difficulty in the way of this 
is that in compounds in which the halogens must exist in single 
atoms the rotations of the acids deduced from them are only half 
those found in the examination of the dilute solutions. On account 
of the difficulty of finding an explanation, experiments were made to 
see if the solvent played any part in this matter; it was, however, 
found very difficult to get a liquid which would dissolve these acids 
in sufficient quantity, and at the same time not to be affected by 
them. Acetic anhydride, for example, was found to change rapidly 
into acetic acid and acetyl chloride, or bromide, according as it 
was saturated with hydrochloric or hydrobromic acids. Heptane 
was found to be only capable of dissolving about 1 per cent, of 
hydrochloric acid. At last isoamyl oxide was tried, and this dissolved 
about 18 per cent, of hydrobromic acid and 13 per cent, of hydro¬ 
chloric acid. Unfortunately hydrobromic acid was found to gradually 
act upon it, so that it could not be examined in this solvent. Hydro¬ 
chloric acid, however, has no influence upon if. Its solution in this 
substance was therefore examined. Two preparations were made, and 
these gave .the following results :— 

Mol. rotation. 

HC1. 

. 2*211 
. 2*265 


Average.... 2*238 

Calculated rotation ... 2’ 187 

Difference........... 0*051 

These two results are very interesting, as they are quite different 
from those obtained on the examination of aqueous solutions, and are 
VOL. ly. ■ ■ 3 & 


I. Containing 10*68 per cent. HCi gave 
II. M 12*82 „ 
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as close to the calculated as could be expected, considering the small 
percentage of acid contained in the specimens measured. NTo doubt 
if Hydro bromic and hydriodic acids could have been examined 
in the same way analogous results would have been obtained. It 
appears therefore that the calculated numbers for the halogen acids 
are practically the correct ones, and that the high results obtained 
from the aqueous acids are abnormal , and in some unaccountable way 
caused by the presence of water, though, as already mentioned, 
chemical union with water would not increase, but reduce the 
rotations of the acid, according to all previous experiments. 

G. Lemoine (Ami. Ohem. Phys. [5], 12, 239), as well as Bertholet, 
have noticed the peculiar fact that, whilst gaseous hydriodic acid is 
decomposed by light the aqueous solutions are not, this seems to 
indicate that water has some peculiar influence upon this acid. 


Salts of Ammonia and Compound Ammonias. 

The results of the examination of- the solutions of the salts of 
ammonia and the compound ammonias containing hydrochloric, 
hydrobromic, and hydriodic acids are not less remarkable than thqse_ 
of the acids themselves, except that the effect of various degrees of 
dilution does not influence the molecular rotation of the salts; this 
will be seen from the results of the examination of the four aqueous 
solutions of ammonium iodide and the two of ammonium bromide, as 
given in the following tables ;—- 


Mol rotation. 
NH 4 I. 

I. KHJ, 60*44 per cent.,... .. 19*936 

II „ 58*46 „ . 20*032 

III „ 54*64 „ .......... 19-971 

IV. „ 30*50 „ .. 20*049 


Average ...... --- 19*996 

Mol. rotation, 
NH 4 Br. 

I. hfH 4 Br, 40*42 per cent......... 10*159 

II „ 25*00 „ . 10*196 


Average . Y...... 10*177 


From these it will be seen that although the solutions vary 
conSidh^hlydA^sfrength, yet "they .give numbers which are 
the same in both instances. This* ' ' * '* L1 
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considering the results of the examination of the aqueous solutions of 
other salts referred to in this paper. 

On considering the rotations obtained with solutions of the different 
salts formed by ammonia and the compound ammonias with the 
halogen acids, it will be useful to find what their calculated rotations 
are, so as to compare them. 

The rotation of the acids taken in this place will have to be those 
found for them in combination, already given on page 739, then, as 
ammonia and the compound ammonias contain unsaturated nitrogen 
which will become saturated on their union with the above acids, 
this, as shown elsewhere, will reduce the rotation by about 0*5. The 
rotations of these salts may then be calculated thus :— 


Calculated, Found, 

N 4 HC1 = EC1 1 *987 + NE 3 1 ‘818 - 0 *5. 4 ‘305 6 *096 

NH 2 BtHCl - HC1 1*987 + NH,Et 3 *609 - 0 *5. 6 ‘096 7 *997 

N H Et,HCl = HOI 1 *987 + NHEt, 2 5 *662 - 0 *5...... 8 *149 9 *893 

NEtaHCI - HOI 1*987 + NEt 3 8*518 - 0*5. 11*005 11*739 

C 5 H n ]S T HCl = HC1 1 *987 + C 6 H U N5*810 - 0*5 . 8*297 10*034 

NH 4 Br » HBr3*816 + NH S 1*818 - 0*5. 6*134 10*177 

NH 4 I - HI 8*011 + NH 3 1*818 - 0*5. 10*329 19*996 


From the above it will be seen that the experimental results arc 
gimtly in 'excess of the calculated, and on examining them they are 
found to be nearly equal to those which would result from simply 
adding together the rotations of the bases, and the highest or 
abnormal rotations of the acids, no allowance being made for combi¬ 
nation or saturation of nitrogen ?— : 


Abnormal rotation. Calculated. Found. 

NH4CI » HC1 4*412 + NII S .1 *818 . 6'230 6*096 

35THgEtHCl - HC14*412 + H s Kt 3*609........... 8*021 7*997 

NHEtgHOl - HC1 4 *412 + NHEt 3 5 *662. 10 *074 9 *896 

NEtgHOl - HOI 4 *412 + NEt 3 8 ‘518 ..' 12 *930 ' II *739 

OgHiiNHC! = HOI 4*412 + C 5 H U N 5 *810 .... 10*222 10*034 

HH 4 Br - HBr8*533 + HH 3 1*818.. 10*351 10*177 

HH4I = HI 18 *436 + 1 *818 .’ 20 *253 ,19 *996 


It is thus seen how little the numbers obtained in this manner vary 
from those found, except in the ease of triethylamine hydrochloride, 
which will be referred to further on. The hydrochloride of piperi¬ 
dine, which' is'«analogous ,; to a diamine, behaves in the' same way as. 
salts of that class. The only explanation I can find for these 
remarkable results is, that these salts when in solution are almost 

3 f 2 
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entirely* dissociated into their acids amd bases, the acids, owing* to 
the presence of water, acquiring the high or abnormal values ; the 
slight difference between the calculated and experimental numbers 
being due to the presence of a very small quantity of undissociated 
salt. In the case of triethylamine, the amount of dissociation is 
evidently considerably less than in the other salts, the third molecule 
of ethyl it contains adding to its stability. This is only what might 
be expected, as the addition of a fourth molecule yields the remark¬ 
ably rStable chloride of tetrethy la/mmonium. This has also been 
examined, and probably does not dissociate when in solution, or 
only to a small extent. The rotations obtained from the chloride 
of tetrethy lammonium and the hydrochlorides of ethylamine and 
ammonia have been plotted out side by side with the calculated 
numbers in Fig. 4. * From this it will be seen that the calculated 
numbers form a curved line (similar to the -ethylamines, Fig. 2, 
facing*p. 730), but straightens a little between triethylamine hydro¬ 
chloride and triethylammonium chloride, whilst the experimental 
form a straight line; the latter, owing to the dissociation of the salts, 
is considerably far apart from the curved line in the lower portion of 
the figure, but both meet at the top, at a point:re presenting tetrethy 1- 
ammonium chloride. It will also be seen that the distance between 
the curved and straight lines is less at the points representing tri¬ 
ethylamine hydrochloride than at those representing the other hydro¬ 
chlorides, thus showing.a smaller amount of dissociation. 

From the different results obtained from solutions of hydrochloric 
acid in two kinds of solvents, it appeared desirable to examine some 
of .these salts in solvents other than water. Solutions of diethyl- 
amine hydrochloride, and ammonium iodide in absolute alcohol were 
therefore employed, as no other suitable solvent could be found, but 
from the rotations obtained dissociation evidently takes place, though 
not to-quite so large an extent as when water is used, as the following 
numbers show.:— 

Mol. rotation. Mol. rotation. 

Alcoholic Aqueous 

solution. solution. Calculated. 

Diethylamineh.ydrochlori.de.,., 9*674 9*896 7T49 

Ammonium iodide .*- 18*955 20*032 10*409 

All these results made it important to study the behaviour of some 
other salts of ammonium when in solution, and for this purpose 
aqueous solutions of the nitrate, acid sulphate, and neutral sulphate 
of amnaonium were employed. Nitrate of ammonium is not supposed 
to dissociate to any appreciable extent, nor is it likely that the acid 
sulphate would ; the neutral sulphate, however, is known to do so to 




To fact ■ page 744, 
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FIG. 4. 

CURVES SHOWING ROTATIONS INDICATING DISSOCIATION 
OF HYDROCHLORIDES WHEN IN SOLUTION. 
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some extent, as it gives off some of its ammonia when its solution is 
boiled. 

The calculated rotations for these salts compared with the experi¬ 
mental rotation are as-, follows v — 

Nitrate of Ammoni-urn. 

HNOs. ..-.. 1-180 

EH S . 1*818 

Less 0*2 reduction due to combination and 
0‘5 for the nitrogen being saturated = 

0-7 .... 

2*298 

Found .. 2'320 

Difference .. 0*032 

Acid Sulphate of Ammonium. 


H.SO* .. 2-315 

NH* .... ....... 1*818 

4*133 

Less 0*7 as- above .... 0*700 

3*433 

Found .. 3*455 

Difference. 0*022 

Neutral Sulphate of Ammonium. 

H 2 SO*.... 2*315 

(MQ 2 . . 3*636 

5*951 

Less 0*7 as above X 2... 1*400 

4*551 

Found.. 4*980 

Difference ... • 0*431 


From this it is seen that the nitrate and acid sulphate of ammonium 
give results very nearly identical with those calculated. This is 
valuable in two ways—first, inasmuch as it shows the method of 
calculating the rotation of these salts to be trustworthy; and, secondly, 


1 2*998 
JO-700 
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i t -i-rt-j-n ar\ Kv the lialoffen acids and their 
that tlie very high numbers 0 5 - ar0 abnormal, 

salts witt ammonia andL cont p l rf ammoniam is rather higher 
The rotation of the neutn ^P , g a littlo ]ow , as the vntm- 

than the calculated, P 10 J fc likely be attended with a 

auction of a second "^ln tat represented by 07 ; it 
slightly smaller amoun _ aw0 “ nt for a lltke difference found, which 

would not, however, < 7 0 f 4 ; gsoo iatioh of the salt. 

is no doubt duet0 ^°^ tft V determination of the magnetic rotations 
It is very probablethatthe ^ ^ ^ between those 

of salts m solution may ao not dissociate in the presence of 
salts that do and those . extent of dissociation, 

water, as well as to give as a ea thought that the 

™ regard * he 0 , ^ salt, n.der 

numbers obtained correspond with those of the 

consideration might m some J ^ to boar in the least 

magnetic rotations; they do not appear h , , drooWorid e 8 

,p» this subject, ehlortd. J™™ 'lii.ed for.be 

of the ethylammes gmng ham . , hydrochloride is 

Citrate acd salgha.e of J for it. heat of 

MeTwClf.olilL .“e •»*?*«*• “* *”*? 

”'S'TIC obtained for th. heat of 
.centralisation of most of the site Stemmed.- 


2(NH 3 + HC1) = 

2(NH a Bt + HOI) = 
2 (N tlBts + HOI) = 
2(HEt 3 + HOI) = 
2(NH S + HNO,) 


24,544 cal. 
26,880 „ 
23,620 „ 
i 17,480 „ 

~= 24,644 cal. 


■ 2(NS 3 + "SSQi )''=?= 28,152 „ 

The principal re.nlt. of this research may be briefly samm.d »P » 

,*wSTm*» diluted with water combine, with it, taming - 

. aoid,Ho\lVO, eorrespondihg' to drihophtephoric acid, HO|P:0. 

Sit* Lid forms ether, in a. analogs way to s»lph«ie ““ «“ 

<» —• 

’ r ^Sa%|ons of compounds in 'Which it exists being 
i * *_element. 
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The low rotations of nitro-compounds as compared with those of the 
nitrites is chiefly due to the former containing saturated and the 
latter unsaturated nitrogen. 

That aqueous and alcoholic ammonia, at the ordinary temperature, 
appear to consist of solutions of IsTH 3 only; but in the case of aqueous 
and alcoholic solutions of isobuiylamine and aqueous solutions of 
piperidine a small amount of combination takes place with these 
solvents at ordinary temperatures. 

That in the displacement of the hydrogen in ammonia by alcohol 
radicals the rotation is not increased by the usual amount due to the 
change of composition for the first, but it increases for the second, 
and becomes very large for the third displacement, and in the displace¬ 
ment of the fourth hydrogen in ammonium salts it is still larger. 

introduction of iso-radicals increases the rotation more than the 
normal ones to quite the usual extent. 

Allylamine behaves like other unsaturated compounds, giving a 
considerably higher rotation than the corresponding saturated base, 
propylamine. 

Pentamethylenediamine shows that the effect of a second displace¬ 
ment of hydrogen in paraffins by HSTjEJ 2 is to produce slightly less 
influence on the rotation than the first. 

Piperidine has a rotation showing that it is a saturated compound ; 
it is, however, slightly lower than that usually found for saturated 
ring-compounds when compared with paraffin-derivatives. 

Hydrochloric acid, when examined in its solution in amyl oxide, 
gives a rotation practically the same as that found for its elements 
when in compounds, that is H in paraffins and Cl in. the chlorides of 
the alcohol radicals, with the addition necessary to represent it in the 
free state, 2*238 being found and 2*1.87 calculated.. 

The solutions of hydrochloric acid in water give abnormally high 
rotations for this acid, increasing up to certain limits with the 
dilution of the solution, the highest rotation being more than double 
that of the calculated. 

Aqueous solutions of hydrobromic and hydriodie acids also behave 
in an abnormal manner, like those of hydrochloric acid, the results 
being rather more strongly marked. This cannot be explained on the 
assumption that the acids combine with water, such a result would 
lower instead of increase the rotation.. *, * 

The rotation of ammonium salts when in aqueous solution is not 
influenced by the strength of the solution. 

The salts of ammonia and the compound ammonias with "hydro¬ 
chloric, hydrobromic, and hydriodie acids when, in aqueous solutions 
give very high rotations, which can only be explained on the assump- 
, tion that they are almost entirely in a, state of dissociation. ' Their 
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acids, on account of the water present, would then possess the 
abnormal rotations referred to above, and this would give the 
solutions their high values. Alcoholic solutions of ammonium iodide 
and diethy land lie hydrochloride behave like the aqueous, but the 
rotations are not quite so high, showing less dissociation. 

Triethylamine hydrochloride does nob dissociate nearly so much as 
the other hydrochlorides, and the chloride of tetrethylammonium is 
thought nob to dissociate at all, or only very slightly, when in 
aqueous solution. 

Aqueous solutions of the nitrate and of the acid sulphate of am¬ 
monium give normal rotations, showing no appreciable amount of 
dissociation. The neutral sulphate, however, gives slightly high 
rotations, clearly indicating that it does dissociate to a small extent 
when dissolved in water. 

The following is a list of the substances examined, with their 
molecular rotations, and the numbers of the pages where they are 
referred to in this paper:— 


Nitric acid. 

Orfchonitric acid 
Methyl nitrate . 
Ethyl nitrate.., 
Propyl nitrate . 
Isobntyl nitrate 
Ethylene nitrate 
Nitroglycerin... 


Substance. 


Molecular 

rotation. 


Page. 


1-180 

1*930 

2*057 

3 *084 

4 *085 

5 *180 
3*768 
5*405 


680 , 724 , 725 

681 , 724 

682 , 722 , 725 

682 , 722 , 725 

683 , 722 , 725 

683 , 722 , 726 

684 , 726 

685 , 726 


Isobutyl nitrite 


5-510 


686 / 723 , 727 


Nitroxnetbane 
Nitroefchane . 
Nitropropane. 
Chloropicrin ♦ 


1 *858 
2*837 
8*819 
5*884 


687 , 722 , 728 
, 687 , 722 , 728 

688 , 722 , 727 

689 , 728 


Ammonia (aqueous solution) ... 

Ammonia (alcoholic solution).. .<....... 

Ethylamine ...... 

Biefchylamine.. .... ...... 

Triethylamine ..... 

Propylamine.... 

Bipropylamine ....*.. 

Tripropylamine.... 

Isobufcylamine ...... 

Isohutylamine (aqueous solution) ... 

Isobutylamine (alcoholic solution) ................ 

BEsobutylaminp .............. A 


1*810 

1*826 

3*809 

5*682 

8*518 

4*563 

7*549 

11*664 

5*692 

5:567 

5*593 

9*936 


689 , 728 

690 , 728 
691,728 

691 , 728 

692 , 728 
' 892 , 730 

693 , 730 

694 , 730 
894 , 730 

695 , 735 
696,735 
697,730 
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Substance. 

Molecular 

rotation. 

Page. 

Allvlamine....... 

5 

587 

697, 

732 

Pentainetbylenediamine .. 

* * 



7 

492 

698, 

732 

Piperidine... 




5 

810 

699, 

733 

Piperidine (aqueous solution)....... 

. , 



5 

724 

700, 

736 

Pyridine... 

... 

•• 


8 

761 

700 , 

734 

Propionitrile... 




3 

33.1 

701, 

733 

Trimethylene cyanide ............. 

... 

•• 


5 

136 

702, 

733 

Ammonium chloride... 




6 

096 

712, 

743 

Ethyk,mine hydrochloride (in aqueous- solution)...... | 

7 

997 

713, 

743 

Biethylamine „■ „ 


, 

. 

9 

896 

713, 

743 

Biethylamine „ (in alcoholic 

solution) .... 

9 

674 

714, 

744 

Triethylamine „ (in aqueous 

solution), .... 

11 

739 

715, 

744 

'l’etrethylammonium chloride „ 



Jj • • • . 

13 

624 

715, 

729 

Piperidine hydrochloride „ 



>9 .... 

10 

034 

716, 

743 

Ammonium nitrate „ 




2 

320 

721. 

745 

„ acid sulphate „ 



jj «■ *■ * • 

3 

455 

721, 

745 

„ sulphate „ 

Sulphuric acid .... 



JJ* **** 

4 

980 

722, 

745 

.. 



2 

*315 

725, 

745 

Ammonium bromide (jSTlLBr 40*42 per 

cent, sol.) .... 

10 

*159 

716, 

742 

„ (NH 4 Br25 


>» 

» )•••• 

10 

*196 

717, 

742 

Ammonium Iodide (NH 4 I = 60*44 


55 

55 ) 

19 

936 

718, 

742 

„ „ (NH 4 I = 58*46 


5 5 

„ ).... 

20 

032 

718, 

742 

„ „ (NH 4 I = 54-64 



„)•••• 

19 

971 

719, 

742 • 

„ (NH 4 I = 30-5 


JJ 

„ ).... 

20 * 

049 

720, 

742 

Ammonium Iodide in alcohol (NH 4 I 

= 21*10 per cent.) 

18 

955 i 

720, 

744 

Hydrochloric acid (HOI *» 41*70 per 

cent. 

sol.). 

4 

045 1 

702, 

739 

„ „ (HC1 - 36*5 

»> 


„). 

4 

215 

703, 

739 

„ „ (HCl = 3086 



JJ ). 

4 

303 | 

703, 

739 

„ „ (HOI = 25 6 

» 


»). 

4 

405 1 

704, 

739 

„ „ (HCl - 15*63 

»» 


JJ). 

4' 

419 I 

704, 

739 

Hydrochloric acid in isoamyl oxide (HCl 

Of 

12*82 p. c.) 

2 

265 j 

705, 

741 


a* 

10*68 „ ) 

2 

211 ; 

705, 

741 

Hydrobromic acid (HBr — 65*59 per cent 

•). 

7 

669 | 

706, 

740 

„ „ (HBr ® 56*0 



>. 

8 

061 

706, 

740 

w „ (HBr » 39*71 



) ........ 

8 

415 

707, 

740 

„ „ (HBr = 24-6 



>. 

8 

547 

707, 

740 

„ „ (HBr = 15-47 

» 


>. 

8 

519 

708, 

740 

Hvdriodic acid (HI = 67*02 per cent.) 

. . 

37 

769 

708, 

740 

„ „ (HI = 65-1 

> 



17' 

868 1 

709, 

740 

„ „ (HI = 61-97 „ 




18 


709; 

740 

„ (HI = 56-78 „ 

) 



18 

308 

710, 

740 

„ „ (HI = 42-7 

) 



IS¬ 

403 

710, 

740 

„ „ (HI = 31-77 „ 



IS 

451 

711, 

740 

„ (HI =20-77 „ 

) 



18 

428 

711, 

740 
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LXIX.— On the Correspondence between the Magnetic Rotation and the 
Infraction and Dispersion of Light by Compounds containing 
Nitrogen . 

By J. EL Gladstone, Ph.D., F.R.S., and W, H. Perkin, Ph.D., F.P.S. 

Tbe substances containing nitrogen, the magnetic rotation of which 
was described in Dr. Perkin’s recent paper, have been examined by 
Dr, Gladstone with reference to their refraction and dispersion. The 
following table contains the refractive indices calculated from the 
observations. 


Liquid Substances. 



Temp. 

Sp.gr. 


Mr. 1 


Propylamine ................ 

6*5° 

0*7329 

1*3922 

1 *4022 j 

1*4111 

Dipropylamine .............. 

4 4 

0 *7530 

1 ’4086 

1 *4191 

1*4281 ' 

Tripropvlnrnirif* ............. 

4*4 

O'7703 . 

1 *41.97 

1*4306 ! 

1*4408 


6*8 

0 *7437 

1 *3999 

1*4099 

1*4188 


7*6 

0 *7546 

1 *4109 

1 *4211 

1*4301 

Allylamine... 

5*2 

0*7787 . 

1 *4284 

1 *4377 

1 *4502' 

Methyl-aniline .. 

7*8 

0*9983 

1*5640 

1 *5966 

1 *6324 

Dimetliylanil ine ............. 

8*2 

0*9675 

1 *5514 

1 *5834 

1*6198 

Pen tamethy ienediamine ...... 

Piperidine................... 

17*5 

7*0 

0*8821 

0*8753 

X -4577 

1 -4542 

1*4699 

1*4661 

1*4803 

1 *4757' 

Pyridine.... 

*12 *2 

0 *9875 

1*5037 

! 1*5254 

1 *5468 

Fropicmitrile................ 

20-0 

0*7843 

0 *9858 ' 

1 *3636 

, 1*3728 

1 *3792 

1 *4506 

Trim ethylene cyanide 

24*2 

19*8 

1*4815 

1*4420 

Methyl nitrate... 

1*2090 

1*3703 

1 *8809 

1*3908 

Pthvl .... 

20*4 

1*1078 

1 *3805 

1 *8912 

1*4005 

1 *4134 

Propyl 1 „ ... 

19 *0 

1*0569 

1*3931 

1:4036 

Isobutvl .. ............... 

18*8 

1*0165 

1 *3991 

X*4099 

1*4198 

1 *4671 
1*4945 ' 

JShtroglycol... 

18*5 

! l *4910 

1*4417 

1*4550 

Kitroglycerin .. 

18*6 

1*5942 

1 *4082 

1*4818 

Kitromethane 1 .............. 

17*5 

20*5 

22*7 

1*1394 

1 *3782 ! 
1 *3875 
! 1*3954 

1*3898 ■ 

1*4009 

1*4090 

1*4164 
1*3838 : 

1 *4829 ' 

Mtroethane .... 

1 *0489 
1*0022 

0 *8638 

1*8983 
1*4068 

Nitropropane..... 

Isobutylnitrite...... .......... 

24*2 

1*3682 ! 

1*3784 , 

Chloropicrin.. 

17*5 

i 

1*6623 

1 1 *4577 

r ■ , 

1 *4708 


In addition to these liquids, the refraction was determined of several 
gaseous, liquid, or solid bodies dissolved in water, namely, etbylamine, 
ethylamine hydrochloride, diethylamine hydrochloride, triethylamine 
hydrochloride, piperidine hydrochloride, hydriodie acid, ammonium 
iodide, ammonium nitrate, and ammonium sulphate. In each case 
the., solution was a very strong one, so that the probable error from 
necessary dilution of the substance was never great. 
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■ Tlie following table contains the molecular magnetic rotation, 
molecular refraction, and tbe molecular dispersion of the substances 
in question, together with those of a few others where the three 
properties have not been determined from the same specimen; the 
latter are indicated by 


Substance. 

Formula. 

Mol. mag. 
rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 


NEo . 

1* 

810 

9*08 

0*50 


NEtlH ...... 

3' 

609 

24-47 

1-19 


NEtoH ...... 

5' 

662 

39'36 

1*96 


NEtg.. 

8* 

518 

54-62 

2 *76 ' 


NPrH* ...... 

4" 

563 

31 '57 

1-52 


NPr^H. 

7- 

549 

54 -so 

2*62 . 


NPrs .. 

11 

664 

77-91 

3*92 


NBuEL....... 

5' 

692 

39 ‘25 

1-86 


' NBuoH. 

9 

936 

70*24 

3-29 

* Ammonium chloride ...... 

1 NH 3 -HOI .... 

6 

096 

22*33 

1*52 

Ethylamine hydrochloride .. 

1' NEtH 2 HCl ... 

7' 

997 

37'18 

2-06 

Diefchylamine „ .... 

NEt,H*H01 .. 

9 

896 

51-86 

2*69 

Trietlivlamine „ .... 

N.Et,HCl. 

11- 

724 

| 65 *78 

3'26 

Tetrethylammonium chloride 

: NEt 4 Cl ... 

13- 

626 

80-70 

3-78 


N A11 Ho. 

5 

587 

1 30 -99 

1 *96 


NCflHy". 

16 

162 

52 -09 

5*96 

Methylaniline .............. 

NCgHgMe .... 

19 

629 

60 '45 

7-33 

Dimethyl aniline............ 

,NC 6 H 6 Me 2 ... 

22 

823 

68*96 

8-55 

Pentamethylene diamine .... 

(NH 2 ) 2 (CH-) 6 . 

7 

492 

52*93 

2*61 

Piperidine ... .... 

nc,h„. 

5“ 

810 

44*11 

2*09 

„ hydrochloride..,. 

NC 5 H u HC1 ., 

10 

034 

56*57 

2*96 

Pyridine . T r ,. 

nc 5 h 5 . 


761 

40*30 

3*44 

P rn pi nn i tri 1 a , n . T . 

NOjHo. 

3 

331 

25*50 

1*09 

Trimethylene cyanide ...... 

(NC),(CH„).,.. 

5 

136 

41*15 

1*82 

Methyl nitrate . 

MeN0 3 . 

2 

057 

23 *59 

1*30 

Ethyl „ ... 

EtN0 3 . 

3 

084 

31*26 

1 * 64' 

Pmnicl . 

PrNO< } ....... 

4 

085 

39 *05 

2*02 

J. i u p J i ,, . . 

T»ohntyl j , . t „ . T .. 

BuNO,. 

5 

180 

46 *72 

2 *36 

Nitroglyeol 

CjEMNOj,), .. 

3 

768 

45 -03 

2*59 

Nitroglycerin.. 

C 3 H 6 (NO,) 3 .. 

5 

405 

66'67 

3*74 

Nitvrnmf>thfmft, . 

MeJfOa. 

1 

858 

20*25 

1*22 

Nitmpithan« . , f . .. 

EtNG a __ 

2 

837 

27*71 

1*58 

Nifcropropane ... 

: PrN0 2 ___ 

3 

819 

35*11 

,1*87 

Tsnhntvl nitrite 

BuNO*. 

5 

5X0 

43*90 

2 * 35f 

Chloropicrin . 

ccpro 2 ,. 

5 

384 

45 *29 

2*50 

Hydrochloric acid (36*5 p, e.) 

HCl......... 

4 

215 , 

14*45 

1*12 

Hyclriodic acid (65 T p. c.) .. 

hi.;_ 

17 

868 ! 

31*87' , 

4*19" 

Hydrobromic acid (dilute) ..’! 
1 ArnTTlOtlinm iodid a. , „„, r , t .. 

HBr . . 

8 

533: ■' 

- '20*65, 

2*19' 

NH^HI. . 

19 

878 

39*66 

4 *88$ 

^Nitric acid ...... 

HNO s . . 

1 

180 

16*50 

1*18 

^Sulphuric acid .....,...... 

h 3 so 4 . 

2 

315 

22 *87 

0*97 ’ 

Ammonium nitrate 1 . 1 . .. ..... 

xh 3 hno 3 ... 

2 

316 

25 >23, 

l;*88 ' 

. sulphate ....... 

(NH 3 ) e II 2 S0 4 . 

I 4 

'980 

39*50 

1-78' 


f Estimated mpi ancl fee, 
1 Estimated from ftg- 
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The object of this table is to draw attention* to the general cor¬ 
respondence that exists between these three different properties of the 
substances in question; a correspondence that points to some connec¬ 
tion between the rotation of the polarised ray under magnetic 
influence and the retardation of the rays of light in passing through 


a material substance.. 

The three columns, though expressing different properties, are 
really comparable with one another*, for in each case the observed 
value is divided by the density of the substance, and it is determined 
not for equal weights but for an equal number of molecules. This is 
shown by the formulae employed for reducing the observations. 

Molecular magnetic rotation = ■ * ■■■ - ■ where r, Mw, and d 

° r x Mm? X d 

represent respectively the observed rotation, molecular weight, and 
density of the substance, and r! and Mm/ the corresponding values for 
water. Molecular refraction, generally called refraction equivalent, 

= Mtt ffi-—. and molecular dispersion, or dispersion equivalent, = 


where fi A and are the refractive indices of the lines A 


and H of the solar spectrum. It has been found that each property 
is determined in the first instance by the atomic composition of the 
substance,, so that it may be laid down as; a primary law that the 
molecular magnetic rotation, refraction, or dispersion of a compound 
is the sum of the molecular*magnetic rotation, refraction, or dispersion 
of its constituents. The values which have been deduced under this 
primary law, mainly from the paraffin-group, are, however, subject to 
large modifications,, dependent upon differences in the, structure of 
the compound. Thus a change of valency is attended by a marked 
change of value in these- optical properties,. and they are apparently 
affected by some circumstances which are not as yet recognised in oar 
structural formulas. 

From the primary law above given,, the following values have been 
deduced by Perkin for the molecular rotation of certain elements in 
the paraffin-group of carbon-compounds, and against them have been 
placed the normal values for their molecular refraction and dispersion 
arrived at by Landolt, Briihl, and Gladstone, 
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Molecular 

magnetic 

rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 

m, ..... 

1*023 

7*6 

0 34 

c........ 

0-515 

5*0 

0™26 

H..... 

0*254 

1*3 

0*04 

0, alcoholic ... 

0*194 

2*8 

0*10 

O, aldehydic..- . 

0*261 

3*4 

0 *18 

Cl........ 

1*733 

-9 *9 

0*50 

Br....... 

3*562 

15 *3 

1*22 

5 I... 

7 *757 

24*5 

•2 *'62 

N, in-amines. 

0*717 

5*1 

0*38 


A glance at this table will show that the three columns are quite 
independent. The relative figures for one substance do not corre¬ 
spond with those for another, although there is a certain analogy 
between them. 

Directly, however, that we tarn to the modifications that are intro¬ 
duced by changes in the mode of combination, we find that when a 
change occurs in the one property it is noticeable also in the other 
two, and these changes are in the same direction, though not to the 
same extent; in fact, the variations in the magnetic rotation are 
usually greater than those in the dispersion, and these again are 
ranch more marked than in the refraction. 

This was first observed by us some years ago. It struck us as a 
remarkable coincidence that the separate investigations showed two 
different values for oxygen in alcohols and aldehydes, and that there 
was a very great exaltation of the values in the case of unsaturated 
carbon-compounds, such as those containing allyl. We observed also 
that the value of GH 2 in the first and second member of the homologous 
series (such as the alcohols, the fatty acids, &c.) was different from 
its value in the higher members of the same series, and that these 
differences were always in the same direction* We have since 
noticed also that where there was an abnormally large molecular 
rotation, as in methylene iodide, there is an abnormally large mole¬ 
cular refraction and dispersion. 

Nor have we been the only observers who have been aware of some 
connection between the two sets of phenomena. H. Beequerel, in his 
“Experimental Researches on Magnetic Rotatory Polarisation,” 
printed in the Ann. Ckem. Phys *, of 1877, drew np a table, which 
showed a certain rough relationship between that property and the 
refractive index. Rut as he took no account of differences in density 
or molecular weight, he failed to recognise the connection between 
these and chemical constitution. 
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Kanonnikoff (/. Buss. Ohm. Soe 1888) also lias pointed out some 
curious relations between the specific rotatory and the refractive 
power of those chemical substances which under ordinary circum¬ 
stances exhibit circular polarisation. But this kind of rotation 
appears to be a totally different phenomenon from that produced by 
exposure in a magnetic field. 

The series of compounds containing nitrogen seem to afford a 
remarkably good opportunity for comparisons, and the results have 
exceeded our expectations. We propose now to consider only the 
more salient points, leaving the smaller questions for future con¬ 
sideration. 

L Compound Ammonias. —At the commencement of the second 
table will be found two good series of compound ammonias, the one 
resulting* from the successive substitution of ethyl for hydrogen, and 
the other from successive substitution of propyl, The difference for 
the first is C 2 H 4 , and for the second C 3 H e , and the value of these 
groups is found by subtracting the figures for ammonia from those for 
ethylamine, ethylamine from diethyl amine, &e. In every instance 
there is an increase, and these are given by the following table:— 



Molecular 

Molecular 

r '/ .. . 

Molecular 


magnetic 

rotation. 

refraction. 

! dispersion. 

Ethyl, 1st substitution..... 

1-799 

15 *44 

0*69 

■> 2nd . . 

2 *053 

14*89 

0-77 

„ 3rd „ ............ 

2 *856 

15 *26 

0-80 

Normal increase for C 2 H 4 .. 

2 -046 

15*2 

0*68 

Propyl, 1st substitution. 

2*753 

22 *54 

1*02 

,, 2nd. , ...... »•»• 

2*986 

23 *23 

1 *10 


4*115 

23*11 

1*30 

'' Normal increase for 0 8 H 8 

3*069 

22-8 

1-02 


A noteworthy fact here is the rapid augmentation of the molecular 
rotation for each additional C 2 H 4 or C*H e . The same is clearly indi¬ 
cated also in the molecular dispersion. It is doubtf ul in the molecular 
refraction, but the irregularities of the numbers are such as may be 
due to experimental error. , vv 

II. Hydrochlorides of the Compound Ammonias.—The increase for 
each addition of C 2 H 4 in this series is as follows, starting ffcoin 
ammonia hydrochloride 
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Molecular 

Molecular 

! Molecular 


magnetic 

rotation. 

refraction. 

dispersion. 

Ethyl, 1st substitution............ 

1*901 

14*85 , 

0*54 

n 2nd 5 , .. 

1*899 

14*68 

0*63 

„ 3rd „ ...». 

1 *828 

13*92 

0*57 

„ 4th „ . 

1*902 

14*92 

0*52 

Normal increase for C 2 H 4 .. 

2*046 

15 *2 

0*68 


The numbers were obtained from tbe examination of these salts in 
aqueous solution. 

In this series, unlike tbe preceding, there is no progression in the 
increase, the additional amounts remaining about the same in regard 
to the rotation, refraction, and dispersion. There is also another 
point of correspondence between the three optical properties. In the 
case of each of them the increase never amounts to the theoretical 
quantity. 

III. Compound Anilines ,—The short series of methylanilines gives 
the following increases for each addition of CH 2 , starting from 
aniline. 


1 at substitution ... 

Molecular 
i magnetic 
rotation. 

Molecular 

refraction. 

! Molecular 
dispersion. 

3 *467 

3 *194 

8*36 

8*51 

1-37 

1-23 

2nd ,, . ... 


Normal increase tor (!TT«.......... 

1*023 

7-6 

0*34 



Here the increase in the molecular rotation for each CH 3 is more 
than three times that which is usually observed in a series belonging 
to the paraffin group. An equally large augmentation is manifest in 
the molecular dispersion, and a very visible increase occurs in the 
refraction. This exaltation of the dispersion equivalent of CH S in 
some members of the aromatic group was observed by Gladstone and 
Dale as far back as 1866. 

IV. Unsaturated Carbon Compounds .—The table includes three very 
different examples of unsaturated carbon compounds, allylamine, 
pyridine, and aniline with its substitution compounds. In each case 
the observed value is considerably greater than that which would be 
calculated from the normal values for carbon, hydrogen, and ammonia 
in the paraffin series. 
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Molecular magnetic 

I rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 


Found, j 

Calculated. 

Found. 

Calculated. 

Found. 

Calculated. 

Allylamixie. 

5*587 

4*040 

30*99 

29*23 

1*96 

1*44 

Pyridine.... 

8-761 

4*562 

40*30 

36*63 

3*44 

1*88 

Aniline ........., 

16162 

5*585 

52*09 

44*23 

5*96 

2*22 


It will be observed not only that there is a great increase in each 
ease, but that whilst in allylamine, where there is only one pair of 
double-linked carbon atoms, the increase is considerable, in aniline, 
where there are three such pairs, the increase in rotation and disper¬ 
sion is about seven times as much, and in refraction the increase is 
more than four times as great. 

Y. Nitriles compared with Ammonias .—It was observed many years 
ago that the refraction equivalent of nitrogen in nitriles and cyanides 
was smaller than in the nitrogen bases, and this observation was 
recently extended to the dispersion equivalent. The second table 
affords two opportunities of testing this in regard to the molecular 
magnetic rotation, namely, propionitril and trimethylene cyanide* 
By subtracting the normal values for hydrogen and carbon from the 
observed values for these compounds we obtain the values of 
nitrogen. 


Nitrogen. 

Molecular 
magnetic 
rotation, j 

Molecular 

refraction. 

Molecular 

dispersion. 

From amines.... 

0*717 | 

4 *9 

0*38 

„ propionifcrile. 

0*516 ; 

4*0 

0*11 

„ trimethylene cyanide.. 

0*518 

4*2 

0*14 


YI. Nitric Ether Series .—There is a good homologous series in the 
second table, commencing with methyl nitrate. Assuming nitric 
acid to be the first member of the series, we obtain the following 
values for each addition of CH 2 . 









OF LIGHT BY COMPOUNDS CONTAINING NITROGEN- 757 


1st addition .. 

Molecular 

magnetic 

rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 

0 '877 
1-027 
1-001 
1-095 

7-1 

7-67 

7-79 

7-67 

0*17 

0*34 

0*38 

0 *34 

2nd ... 

3rd „ .... 

4th (Jsohntyl) , . ».* 


Normal increase... 

1*023 

7*6 

0*34 



Here there are two points of correspondence to be specially noted. 
It is evident that neither in the magnetic rotation, refraction, nor 
dispersion does the first addition of GH 2 produce the normal increase; 
but whilst this normal increase is found in each of the successive 
additions, they are all practically alike, and there is no continuous 
augmentation of the increase as in the case of the compound ammonias. 
An exception to this last remark is, however, the increase in molecular 
rotation (1*095) observable in isobutylic nitrate. This, like the iso¬ 
compounds in general, is somewhat higher than the normal value, a 
difference not perceptible in the refraction and dispersion. 

VII. Isobutyl Nitrite and Nitrate .—Though there are several NQ 2 
compounds in the table, there is only one true nitrite, that of isobutyl. 
In his paper, Dr. Perkin has drawn especial attention to the fact, that 
though this substance contains an atom of oxygen less than the 
isobutyl nitrate, it has a greater molecular magnetic rotation. This 
is attributed to the fact that the nitrogen is saturated in one case and 
not saturated in the other. The difference between the two is shown 
below for each of the optical properties. 



Molecular 

magnetic 

rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 

Isobutyl nitrite.. 

5*510 

43-90 

2*35 

,, nitrate.. 

5*180 

46-72 

2*36 . 


Difference for O... 

-0*330 1 

+ 2*82 

+ 0*01 


Normal difference.... 

+ 0*261 

+ 3*4 

+ 0*18 



Whilst the addition of oxygen has caused an actual diminution in 
the magnetic rotation, it has given only a doubtful increase in the 
dispersion and an increase on the refraction considerably below the 
normal for aldehydic oxygen. The three results, though apparently 
different, are in the same direction. 
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The nitro-compounds themselves differ from one another to the 
usual extent in regard to all three optical properties. 

VIII. Acids and their Ammonium Salts .—It was among the earliest 
observations on refraction equivalents that the halogen acids in solu¬ 
tion gave abnormal figures, far higher than those dedueible from the 
compounds of the halogens with organic radicals. The same is now 
shown to hold good for their molecular magnetic rotation. It is also 
found that these values increase with the dilution of the acid up to a 
certain extent; and in the following tables the higher values are used. 
The calculated values for the magnetic rotations are for the free acids 
(see p. 739). 



Molecular magnetic 
rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 

Pound. 

1 

Calculated., 

Pound. 

.i 

Calculated, 

Pound. 

Calculated, 

Hydrochloric acid I 

4-412 

1 ■ .: 

2 -187 

14 *45 i 

11*2 


0-54 

Hydrobromic acid j 

8'533 

; 4 -016 

20-65 

16 -6 


1 '26 

Hydriodic acid .. 

18 -435 

; 8 *211 

81-87 

25 -8 


2-66 


* Dr. Perkin has shown that these acids in combining with ammonia 
or piperidine retain their abnormal values, and combine with but little 
condensation. How far this is true for the other optical properties is 
shown in the following table. The calculated numbers are the values 
of the base and acid added together. 



Molecular magnetic 
rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 


Pound, 

.-.: 

Calculated, 

Pound. ’ 

| 

Calculated. 

| Pound. 

Calculated. 

NH 3 + HC1 .... 
NH 3 + HBr..... 

N$i + HI. 

Piperidine + HOI 
Triethylamine \ 
+ HOI 

6-096 
10*177 
19 -996 

10 034 

11 *739 

6'230 

10'351 
20'253 
10*222 

12*930 

22 *33 

28 *53 
39*66 

66 *43 

65*78 1 

23 *48 

29 *68 
40*90 
58*56 

69*07 

1 *52 

2 *49 
4*88 

2 *96 

3*26 

1*62 

2*69' 

4 *69 
3*21 

3 '88 


The correspondence is again seen in these cases, and ail the three 
•optical properties indicate that although there is hut little condensa- 
,tipn in the case of ammonia and hydrochloric, hydrobromic, or hydr- 
iodic acid, yet there is considerable condensation in the case of the 
triethylamine-compound with hydrochloric acid. 
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IX. Hydrochloric Acid in Solution ,—Although hydrochloric acid, 
when dissolved in water, has a far greater effect on light than could 
have been expected, it has recently been found that when dissolved 
in isoamyl oxide it rotates the plane of polarisation to very little 
more than the theoretical extent. On examining the refraction and 
dispersion, a still closer agreement with theory became manifest. 


Hydrochloric acid. 

Molecular 

magnetic 

rotation. 

Molecular 

refraction. 

Molecular 

dispersion. 

T r> wn ter T .... 

4*412 

14 *45 

1 *12 

Tn isoafTfivloxidp,.... . 

2*238 

11*36 

0*51 

By calculation for free acid .... 

2 *187 

11*2 

0*54 


These nine cases of comparison all represent different kinds of 
departure from, what we consider the normal values. They have 
shown a very marked correspondence between the three optical pro- 
perties of the substances examined. They have also revealed differences 
in detail, and it is only fair to add that other peculiarities in the 
molecular magnetic rotation exist which are not represented by similar 
peculiarities in the refraction and dispersion. But these exceptions 
are of such a limited character that on a re-examination of the matter 
with fresh specimens, and with varied conditions, it is quite conceiv¬ 
able that they may disappear. 

It may therefore be laid down as generally, if not always, true, that 
where there is a departure from the normal values in regard to one 
or other of these properties, it is to,he found in the other two. The 
different properties are evidently similarly affected by change in 
chemical constitution. The general drift of the whole comparison 
appears to ns to' lead irresistibly to the conclusion that we have here 
another close relationship between electro-magnetism and the velocity 
of light. 


LXX .-—On Phosphoryl TrifLuoride, 

By T. E, Thorpe, F.B.S., and F. J. Hambly. 

The existence of oxyfiuoride of phosphorus was first definitely estab¬ 
lished by Moissan, who obtained it by the action of the electric spark 
upon a mixture of phosphorus trifluoride and oxygen. On passing 
the induction spark into a mixture of 2 vols. of the trifluoride and 
I vol. of oxygen standing over mercury, a violent explosion occurs, 
and the new gas is produced. {Oomph rend., 102,1245.) 

3 g 2 , 
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In a paper on tlie Oxidation of Haloid Salts, in the Journal fiir 
pmMische Chemie, 1880, 21,438, Schulze lias described the behaviour 
of various oxides upon haloid salts in absence of oxygen, and states 
that on heating fluorides with molybdic oxide and phosphoric oxide, 
oxyfluoride of molybdenum and oxyfluoride of phosphorus were 
obtained. No description of the properties of these compounds is 
given, nor do any analytical observations appear to have been made. 

"We find that phosphorus oxyfluoride cau be easily obtained by 
heating an intimate mixture of cryolite and phosphorus pentoxide. 
The materials, in the proportion of 2 parts of the finely-powdered 
cryolite and 3 parts of phosphoric oxide, are placed in a brass tube 
and gently heated. The gas is readily disengaged, and as soon as that 
which is evolved is wholly absorbed by caustic soda solution, the rest 
may be collected at the mercurial trough. That the gas so obtained 
is practically pure is shown by the following numbers :— 

Observed. Calculated, 

Vapour density.* 52*3 52*0 

Determination of phosphorus— 

Preparation I. 30*36 p. c, 29*81 

Preparation II... 30*06 „ — 

This method of obtaining phosphorus oxyfluoride is analogous to 
that by which Kolbe and Lautemann prepared the oxychloride 
(Annalen, 113, 240), namely, by heating phosphoric anhydride with 
common salt : 

2PA + SNaCl = PO01* + 3NaP0 3 . 

We had intended to have completed our study of this gas, before 
offering any communication on the subject, but, as we are no longer 
in a position to work in concert, we have ventured to lay this short 
preliminary note before the Society. One of us, however, trusts, 
in a short time, to be able to present the results of a fuller investi¬ 
gation. 


LXXI .—Oxyamidosulphonates and their Conversion into Hyponitrites» 

By Edward Divers, M.D., F.R.S., and Tamemasa Haga, 

In our paper on the Beadion between Sulphites and Nitrites of Metals 
than Potassium {Trans., 1887, 51, 659), we ' gave notice of our 
intention to work on the reactions with the sodium salts. 
have done, 'mdi, are 1 already . in a position to materially extend' and 
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modify our knowledge of the chemistry of the sulphazotised com¬ 
pounds contained in the writings of our predecessors in the investiga¬ 
tion, Fremy (Ann. Cliim. Phys. [3], 15, 408), A. Claus and Koch, 
(Annalen , 3.52, 336; 158, 52 and 194), Berglund (Bull. Boo. Ghim 
25, 455; Ber., 9, 252 and 1896), and Raschig (Annalen, 241, 161). 
We propose to publish our contribution to this large subject in a few 
short papers, like the present, each complete in itself. 

Oxyamidosulphonates , the subject of the present paper, are the 
sulphazidates of Fremy, the su Ip hydroxy lamates of Claus, the hydroxyl- 
amine-monosulphonates of Raschig. Between the one set of terms— 
nitriloimido and amido- oximido - and oxyamido-sulphonates —and 
the other set— amine- and hydroxylamme- tri-, di-, and mono-sulpho- 
nates—there is not much to choose. As, however, it is desirable, on the 
score of consistency, to employ exclusively either one set or the other, 
the use already prevalent of nitrilo-, imido-, and amido-sulphonate 
makes it advisable to employ the term oximido- and oxyamido-sul- 
phonate rather than hydroxylamine- di- and mono-sulphonate. 

Oxyamidosulphonic acid , known only in solution, was first prepared 
by Fremy, who found that potassium oximidosulpbonate (neutral 
sulphazotate) sooner or later decomposed into acid sulphate and the 
oxy amido-salt, the change taking place at once when the solution was 
boiled. Altering the atomic weights to those now accepted, and 
writing empirically his formulae, to which he attached no constitu¬ 
tional significance, his equation becomes— 

S 5 O^K 4 H 10 N 2 = S 3 O s K 3 H 6 hr 2 + 2KHS0 4 + h 2 bo* * 

Claus has shown, however, that these formulae do not correctly repre¬ 
sent the composition of the salts; and Raschig has confirmed Claus’s 
statement. The two formulae corrected stand as S^OwK^HioNa 
and SAK 2 H 4 K 2 , or H0N(S0 3 K>>(0H 2 )e and H0NH(S0 3 K), accord¬ 
ing to Claus. The latter formula we find it necessary to modify 
slightly. 

To get the oxyamidosulphonic acid pure for the preparation of its 
salts, Fremy neutralised the hydrolysed solution of potassium ox- 
imidosulphonate with ammonia, added barium chloride, filtered off 
the sulphate, and then, by the addition of baryta^ water, threw down 
a precipitate of a dibarium oxyamidosulphonate. This salt when 
washed was decomposed by adding just enough sulphuric acid to 
combine with the barium ; the filtered solution of the new acid being 
used for preparing the salts by combining it with the corresponding 
bases. The acid appears to be the only sulphoxyazotised acid pos- 

- * He recognised the peculiarity and importance of this first instance of what we 
now style the hydrolysis of a sulphonaie into a sulphate. 
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sessing any stability. Claus introduced a slight modification in 
Fremy’s process by omitting the preliminary neutralisation with 
ammonia. 

As we have discovered a second barium salt, which is neutral and 
soluble, we treat the barium precipitate in a different way and 
thereby avoid the contamination of the salts with sulphite, as the 
latter is always present in Frexny’s barium precipitate (see the sec¬ 
tion of this paper headed u Decomposition of Oxyamidosulphonates by 
Alkaline Bases” p. 765). The dibarium, salt is, as found by Fremy, 
very alkaline to litmus, and we add to it only enough sulphuric acid 
to remove half the barium as sulphate, getting a neutral solution 
which contains only monobarium oxyamidosulphonate; from this 
the acid and its salts can be prepared by adding the equivalent 
quantity of sulphuric acid or a sulphate. In order to determine 
the quantity of sulphuric acid required, it is necessary to estimate 
the barium in a portion of the solution. 

Baschig prepares an impure acid from Fremy’s solution obtained 
by boiling potassium oximidosulphonate so as to hydrolyse it into 
potassium sulphate and oxyamidosulphonate. To do this he removes 
the potassium sulphate by alcohol, and then concentrates the solution 
of the acid to a syrupy consistence. 

Sodium oxyamidosulphonate , as prepared by Fremy and by us, is 
a clear, gummy liquid, as viscous as molasses; this when exposed 
over sulphuric acid under diminished pressure, never solidified or 
showed any sign of crystallisation. It is neutral in reaction. 

Fotassium oxyamidosulphonate , prepared and analysed by Fremy, by 
Claus, and by us, when crystallised from its hot solution forms six- 
sided plates, as stated by Fremy, but the plates are more often 
square; by spontaneous evaporation of the cold solution, however, 
thick tables and bold prisms are obtained. Claus found the crystals 
to be anhydrous, and Fremy’s analysis and formula agree with this 
observation, Fremy’s analytical results cannot he relied on, how¬ 
ever, and we have already had to give an instance of this in the 
present paper, and shall have to give others. We differ from Claus, 
inasmuch as we find that all the crystals of this salt effloresce slowly 
over sulphuric acid, and on analysis give results indicating the 
presence of 1 mol. II 2 0. The solutions show a great tendency to 
supersaturate, and it often becomes very difficult to crystallise them. 
When thoroughly dry, the crystals can be kept for months without 
undergoing much change, but if moist they are unstable, hydrolysing, 
becoming acid to litmus. The acidity developed is that of 
hydroxy ammonium sulphate, hardly showing with methyl-orange. 
When heated, they suddenly intumesce below 100°, and are cote 
pletelj decomposed* . ■■■■'<■ iykA 
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To determine the sulphur and nitrogen, we hydrolysed the salt By 
heating it in a sealed tnbe with hydrochloric acid at 130°, following 
Raschig’s process, which, however, gives somewhat irregular results, 
as we afterwards found (see the analysis of the dibarium salt). 
The hydroxylamine thus produced was estimated by iodine after 
addition of potassium hydrogen carbonate. Water could not be 
removed by exposure over sulphuric acid, at the ordinary temperature 
and pressure, rapidly enough to he convenient for analytical purposes; 
this and other sulphazotised salts retaining, according to our ex¬ 
perience, part of their water of crystallisation with great tenacity. 
Neither could the water he conveniently driven off in the oven, 
because of the decomposition of the salt at about 95° ; we made 
a fairly good estimation of it, however, by moderately heating the 
salt in a Sprengel-vacuum in a long, bulbed tube containing also 
sulphuric acid. The following is a table of our results— 



H0NH(S0 3 K),0H 2 . 

a. 

k 

| f - A_. ^ 

Potassium... 

23 *0S 

22*53* 

1 

23 *45 

_ 

Sulphur ... 

7 *58 

7*34 

7*69 

7*56 

Oxyamidogen, HONH .,. 

18 *94 

17 *96 

19-76 

17 -50 

W afcer... 

10 *39 

' 

9*29 

* - 


Sample a was in prisms, 1 in tabular crystals. We have given 
much consideration to Claus’s results, apparently carefully obtained, 
but we are unable to offer any explanation of their difference from 
ours. We havd prepared th§ salt in winter and in summer (when 
he found it difficult to work), by evaporation of cold solutions and by 
cooling hot solutions, and have always obtained crystals which 
slowly effloresced in the desiccator. 

Dibarinm ovayawiidosulphonate , prepared by Fremy and by. us, is a 
crystalline, alkaline, nearly insoluble salt. It dissolves in hydro¬ 
chloric acid, and then shows, by the odour evolved, the presence of 
sulphite as an impurity, varying from a trace only to a considerable 
quantity. The only analytical datum given by Fremy is that the salt 
is formed from one equivalent of acid and two equivalents of baryta. 
We have analysed it and found for it a composition agreeing with 
the formula given, by Fremy less the H 2 by which his formulae 
generally exceed those now adopted. 

In this analysis and that of the following salt, we slightly modified 
the method of hydrolysis so as to get uniform and higher numbers 

* Slight loss of potassium sulphate during cooling known to have occurred. 
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for file hydroxylamine. The modification consisted in heating 1 for 
some time with hydrochloric acid at 100° before raising the tempera¬ 
ture to 130°. We find that hydroxyammonium sulphate itself may 
be rapidly heated with acid to 130°, or even higher, without getting 
low results, from which it would appear that at the moment of its 
formation at 130° from its sulphonie-derivative, hydroxylamine is 
less stable than when already formed. The constitution of the 


dibarium salt is expressed by the formula Ba<^^Q^.gQ s ]>Ba,OH*>, 



Calculated. 

Bound. 

Barium .......... 

.... 5331 

53-13 

Sulphur.. 

.... 12-45 

12-41 

Oximidogen, HON .... 

.... 12-06 

12-02 


Barium oxyamidosulphonate , prepared by us, in solution first, as 
already described in this paper (p. 762), by adding just enough sul¬ 
phuric acid to the dibarinm salt to remove half its barium. The 
neutral liquid thus obtained yields crystals of the salt on evaporation 
over sulphuric acid; it is very soluble, and forms small, hard, bril¬ 
liant, square, tabular crystals intermixed with minute square prisms ; 
the crystals contain water. When long kept, it decomposes. Heated 
nearly to 100°, it suddenly and violently decomposes into gases and 
barium sulphate. 

In analysing it, the barium was determined in one case by igniting 
it with sulphuric acid (a) ; in two cases the salt was slowly heated 
with dry sodium carbonate, whereby oxygen was absorbed from the 
air, after which the heat was raised until the mixture fused, and the 
barium and sulphur were then both determined (b) ; in another case 
the salt was hydrolysed by heating with hydrochloric acid, the 
separated barium sulphate (representing all the barium and half the 
sulphur of the salt) weighed, the other half of the sulphuric acid 
precipitated with barium chloride, and, lastly, the hydroxylamine 
titrated with iodine (c). The results were the following:— 



(H0NHS0 3 ) 2 Ba,0H 2 . 

a. 

h. 

r ' 

r- 

c. 

Barium.... 

36*15 

36-17 

36 -27 

35 -88 

35 *53 

Sulphur....... 

16 *88 

— 

16 -84 

16 *65; 

16*49. 

Oxyamidogen, HQNH ...... 

16-88 

—, 

— 

“ , 

16*50 


The Hydrolysis of Oxyamidosuljphonic Acid, 

Although oxyamidosulphonic acid is relatively stable, the fact that 
its' solution does decompose was' fully noticed : • ■ Bas^hig 
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lias found that the decomposition proceeds sharply, and, in presence 
of hot acid, rapidly, according to the equation— 

2H0hTHS0 3 H + 2HoO = (NH 3 0H) 2 S0 4 + H 2 S0 4 . 

With this important observation we fully agree from experience. 
Fremy stated that when the acid is boiled with water it decomposes 
wholly into acid ammonium sulphate, and oxygen or hydrogen per¬ 
oxide. His finding ammonia and oxygen (or any gas) cannot be 
explained. He appears to have tested for hydrogen peroxide by 
adding manganese dioxide, which would account for his finding it, 
since an effervescence of nitrons oxide might easily pass for one of 
oxygen. 

Clans expressed his hesitation to accept Fremy’s equation ( modi¬ 
fied)—2H0NH(S0 3 H) + 2H 2 0 = 2(HH 4 )HS0 4 4- 0 3 —as quanti¬ 
tative, but at the same time admitted that he had also obtained 
(besides sulphuric acid) ammonia and oxygen (or nitrous oxide). 
Raschig got other results, as already stated, and did not find either 
ammonia, or oxygen or nitrous oxide. These inexplicable differences 
have their parallel in what is contained in the next section of this 
paper, only there the differences noticed arise between ourselves and 
the other workers. 

In presence of hydrogen potassium carbonate, oxyamidosulphonates 
react with iodine solution like a hydroxylamine salt, only very much 
more slowly ; so that their amount can be titrated in this way, without 
previous hydrolysis, though only with difficulty. 

Decomposition of Oxyamidosulphonates by Allcaline Bases. 

The decomposition of oxyamidosulphonates by a solution of potas¬ 
sium hydroxide appeared to have been fairly well worked out when 
we came to give attention to it. Fremy had observed that when 
heated with excess of this reagent the potassium salt disengaged 
ammonia as well as oxygen, of which, as he says, he had established 
the absolute purity by analysis. Hence it seemed that oxyamido¬ 
sulphonates undergo the same decomposition when heated with alkali 
as when heated with acid. 

Lossen had just discovered hydroxylamine when work on the 
sulphazotised compounds was taken up by Claus, and this circum¬ 
stance led the latter to see in the reaction between potassium 
hydroxide and Fremy’s sulphazidate, as observed by Fremy and by 
himself, most convincing evidence that the salt is constituted as a 
suiphonic derivative of hydroxylamine, and is decomposed by the 
action of alkali into this base and potassium sulphate. He did not, 
he admits,, succeed in isolating the hydroxylamine or any 1 of Its salts, 
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but he found all the sulphur of the sulphazidate converted into sul¬ 
phate, and the other compounds in just the same proportions as Lassen 
had found when hydroxylarnine is decomposed by heating with alkali, 
namely, ammonia equivalent to between a third and a half of the 
total nitrogen, and gases wffiich neither extinguished nor rekindled a 
glowing match, and were, therefore, not the pure oxygen of Fremy’s 
finding, but might well be nitrogen mixed with nitrous oxide as 
required on the supposition made. Added to this was the fact of 
the reducing action which the alkaline mixture exerted upon copper 
and silver salts, and the proof seemed complete. 

Buschig, in his recent paper, went further in the matter than Claus, 
and, with or without experimental evidence—for we cannot decide 
from his words—concluded that an (unbeated) alkaline solution of 
oxyamidosnlphonic acid is actually a solution of free hydroxylarnine, 
the latter being present in the quantity calculated from the amount 
of the acid taken, and, therefore, just such a solution of hydroxyl- 
amine as is wanted for preparing aldoximes and acetoximes. 

Bow, with two exceptions, namely, that nitrous oxide is given off, 
and that copper and silver salts are reduced—an action to be treated 
of In the following section of this paper—we are nnable to confirm 
any of the observations of these chemists. This decomposition of 
oxyamidosulphonates by alkali is of another and still more interest¬ 
ing character than Clans and Baschig conceived it to be. That the 
oxyamidosulphonates are hydroxylamine-derivatives, which hydro¬ 
lyse in acid solutions into hydroxylarnine and sulphate, is, indeed, 
certain, as ascertained by Baschig. But, nevertheless, in alkaline 
solutions they give neither sulphate nor hydroxylarnine, nor the 
decomposition-products of hydix>xylamine. 

Oxyamidosulphonates decompose with potassium hydroxide and 
similar reagents, exclusively into sulphite and hyponitrite, and the 
decomposition-products of a hyponitrite. Bo ammonia is formed, 
neither, so far as we could judge, any sulphate or any nitrogen, or, 
If any, only unimportant quantities of nitrogen and sulphate. The 
difficulty of keeping a sulphite solution for days free from sulphate, 
and of detecting small amounts of nitrogen in presence of nitrous 
oxide are well known and sufficiently explain any uncertainty in 
our results* The total absence of ammonia peremptorily forbids any 
admission of the generation of hydroxylarnine. 

Cold, dilute alkali, or alkaline-earth hydroxide suffices to partly 
effect the change under consideration* Consequently every attempt 
to form dipotassium or disodium oxyamidosulphonate corresponding 
with the dibarium salt has failed in our hands because of this re¬ 
solution of,;the,salt intoj simpler ones on the addition of-alkalh\ .Jtef 
:the same reason also, wefind that Fremy’s ' 
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in this paper, although insoluble, cannot be prepared quite free from 
sulphite, and when kept for any considerable time becomes charged 
with it, and also contains traces of hyponitrite. 

To effect the complete or nearly complete conversion of these salts 
into snlphite and hyponitrite, they may be either left for days in the 
cold with the very strongest potassium hydroxide solution, or be 
heated to boiling for a short time with strong alkali. In both cases, 
effervescence occurs, due to the decomposition of hyponitrite. The 
gas evolved is not the feeble supporter of combustion met with by 
Claus, but behaves like oxygen, as Fremy had observed; it is not 
oxygen, however, but nitrous oxide, soluble in water. The highly 
alkaline liquid when acidified gives abundance of sulphur dioxide, 
and if neutralised merely will give, with barium chloride, a precipitate 
which might, of course, be taken for sulphate by a mind prepossessed, 
as Claus’s almost admittedly was, and* which does, as is well known, 
rapidly change into sulphate on the filter. When partially or fully 
neutralised with acetic acid, the solution, on treatment with sufficient 
silver nitrate, gives much silver hyponitrite, together with a very 
little reduced silver, owing to the sulphonic acid not being entirely 
destroyed. At first, the silver nitrate goes to form potassium silver 
sulphite, but this can be avoided if desired, either by using the 
barium salt instead of the potassium salt, or by adding barium 
hydroxide, and then filtering off the barium sulphite before adding 
the silver nitrite. 

This decomposition actually furnishes by far the most productive 
method of preparing hyponitrite yet discovered. The following are 
the results of some trials we have made, the silver hyponitrite having 
been purified by the authors’ method (Trans., 1884, 45, 81), that is 
by dissolving it in nitric acid, and reprecipitating with sodium car¬ 
bonate. Generally, the silver hyponitrite was directly weighed, but 
in one or two cases it wa,s converted into chloride before weighing:— 

Digestion of 0*5772 gram of crystals of potassium oxyamido- 
sulphonate for 24 hours with a saturated solution of potassium 
hydroxide containing some solid potash. It still contained a 
very small quantity of the sulphonic salt undecomposed, but the 
yield of hyponitrite in this case was 76 per cent, of the 
theoretical amount; 

Boiling 0*9370 gram of crystals with concentrated potassium 
hydroxide for a short time was attended with copious efferves¬ 
cence of nitrous oxide, but still left a little of the salt undecom- 
posed; the yield of hyponitrite, however, was 30 per cent, of the 
equivalent of the salt taken. 

In order to prepare hyponitrite from nitrite in this way, there is no 
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necessity to hare the oxyamidosulphonate pure; a well-prepared 
solution of either alkali salt sufficiently concentrated is all that is 
necessary if treated with solid potassium hydroxide. Working in 
this way, we found— 

0*4545 gram of sodium nitrite* after conversion into the sulphonic 
salt, and treatment in the cold with the most concentrated potash, 
for 24 hours, gave hyponitrite amounting to 40 per cent, of the 
full yield, had all the nitrite been utilised; 

0*5833 gram of sodium nitrate,* after conversion, was treated first in 
the cold for 21 hours, and then at 100° for a quarter of an hour, 
and yielded hyponitrite amounting to 49f per cent, of the cal¬ 
culated quantity. 

In order to get results as good as these, however, one modification 
of the process for getting thg oximidosulphonate from the nitrite 
must he followed; we reserve the account of this for the paper on 
these salts. Here we need only mention that we can get at least 
85 per cent, of the calculated quantity of oximidosulphonate from 
the nitrite, a proportion far higher than that previously obtained by 
Baschig, the only quantitative worker. 

In consequence of the decomposition of much of the potassium 
hyponitrite into hydroxide and nitrous oxide, the determination of 
the hyponitrite found does not of itself seiwe to prove that the 
formation of this salt is the only decomposition of the oxyamido- 
sulphonate. But it does make this deduction highly probable when 
taken along with the occurrence of so much nitrous oxide and 
sulphite, and the absence of ammonia, nitrogen, and sulphate. The 
determination of the sulphite, however, seems sufficient of itself to 
prove that the decomposition is of one kind only, although here* too, 
any very close approach to the calculated amount cannot bo expected, 
considering the ready oxidisability of sulphites to sulphates, and that 
the sulphonate is never entirely decomposed. The presence of hypo¬ 
nitrite and its reaction with potassium iodide render a volumetric 
estimation of the sulphite by means of iodine impossible; in order, 
therefore, to estimate the sulphurous acid, we availed ourselves of its 
reaction with stannous chloride. The latter has no action either upon 
hydroxylamine (Divers and Haga, Trans,, 1885, 47, 624), or upon 
oxyamidosulphonic acid. Our method of procedure was to put into 
a pressure-bottle the diluted solution of the salt decomposed by 
alkali and neutralised, mix it with excess of stannous chloride, and 
almost fill the bottle with water*. The tightly closed bottle was kept 
in nearly boiling water for an hour, and then left to cook , The 

♦.Measured off for analysis as oxyamidosulphonate solution produced from a 
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washed precipitate of stannous sulphide was heated with hydro¬ 
chloric acid and potassium chlorate until all the sulphur had been 
oxidised, and the solution, after being evaporated to dryness, was 
again evaporated to dryness with hydrochloric acid. Finally, after 
removing the tin by hydrogen sulphide, the sulphuric acid in 
the filtrate was estimated as barium salt. In this way, from 
O'7470 gram of salt, which by long keeping had slightly hydrolysed, 
we got sulphur equivalent to 88'63 per cent, of all that was in the 
original sulphonic salt. This result renders it clear that sulphite and, 
therefore, hyponitrite are the only two primary products of the 
change. 

The reaction by which hyponitrite and sulphite are formed consists 
probably in the substitution of potassium for the hydrogen of the 
oxyamido-radicle, and then of spontaneous decomposition of the 
potassium compound. There is no hydrolysis or saponification, 
simply dissociation or chemical fission— 

H0NHS0 3 K + 2KOH = K0NKS0 3 K + 2H*0 
2K0NKS0 3 K = (KON) 3 + 2K*SO». 

Raschig has observed a decomposition of Fremy’s potassium sulpli- 
azite by strong potash into sulphite and nitrite very similar to 
this. 

We would gladly account for the differences between the results 
found by other chemists and our own, hut we are able to do little 
in this direction. We have to face the fact that Claus’s work was 
quantitative. The only suggestion we can offer is that Fremy and 
Claus’s preparations originally pure were not treated with alkali until 
they had been kept long enough to undergo the decomposition (fully 
in Claus’s case)—- 

2H0NH(S0 3 K),0H 2 = (H0NH 3 ) 2 S0 4 + k 2 so 4 

into hydroxylamine and sulphate. Such a mixture would behave 
exactly in the manner observed. As for oxygen, Fremy must have 
mistaken nitrous oxide for it, and in making this supposition we have 
evidently the support of Claus and Raschig. Lastly, as to Claus’s 
nitrous oxide diluted with nitrogen, dilution with air and steam may 
perhaps have been the cause of the properties of the gas he got 
differing from that obtained by Fremy and ourselves. 

Oxyamidosulphonates evaporated to dryness on a water-bath with 
potassium or sodium carbonate evolve carbon dioxide during the 
last stages of the evaporation, and yield much sulphite. No hypo- 
nitrite can remain undecomposed under such circumstances. A 
solution of oxyamidosulphonate left even in the cold for a day with 
the carbonate shows evidence of the presence of a little sulphite. 
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After repeated evaporations with potassium acetate, an alkaline 
mixture containing a minute quantity of sulphite is left. 

Oxidation of Oxya/midosulplionates by Basic Reagents. 

Fremy observed that manganese dioxide dissolved as manganous 
salt in oxyauiidosiilphonic acid with effervescence due to evolution of 
oxygen, also that the same reagent caused a lively effervescence in a 
solution of the potassium salt. These observations are correct, save 
that he mistook nitrous oxide for oxygen. Finally, he found that 
the potassium salt immediately reduced salts of silver, copper, and 
gold. We must, however, except copper from this statement, unless 
alkali were present. Claus, as we have already had occasion to 
mention, found that the potassium salt, in this presence of potassium 
hydroxide, reduced salts of copper and silver in the cold, just like 
hydroxylamine; his experiments, however, were qualitative only. 
Eascbig, who holds that alkalis convert oxyamidosulphonates wholly 
into their equivalent of hydroxylamine, records no experimental 
determinations in support of this point, though he quantitatively 
estimated the hydroxylamine produced by the action of an acid. 

The reaction-which we find takes place is the conversion of the 
oxyamidosulphonate into sulphite and sulphate, and the reduction of 
a quantity of metal-oxide equivalent to the oxidation of the oxy&mido- 
residue, and not to that of the hydroxylamine supposed to be pro¬ 
duced. That is to say, the cuprous oxide obtained is just half what 
it would be were hydroxylamine first formed, as believed by Claus 
and Raschig. The equation, therefore, will stand thus - 

2R0KH(S0 3 K) + 2CuO + 2KOH = K s S0 3 + K 3 S0 4 + 

Cu 2 0 + 0 + 3H s O, 

which shows that the potassium hydroxide takes the two sulphonie 
residues to form sulphite, sulphate,* and water, the copper oxide 
oxidising to water the two atoms of hydrogen of the two oxyamido- 
residues, the hyponitrous acid left being resolved finally into nitrons 
oxide and water. After the reduction, addition of hydrochloric acid 
liberates much sulphur dioxide. 

The reaction is not quite complete, as it ceases when the solution 
becomes very dilute. Thus, if to au aqueous solution of 1 gram of 
the oxyamidosulphonate in a litre of water, a few drops only of a 
dilute solution of copper sulphate, and then of potassium hydroxide, 
are added, a permanent, blue opalescence is produced, blit no cuprous 
•oxide is deposited even when the solution is kept for hours in a 

* Hyposulphate was searched for, and could not be found. 
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closed vessel. This observation may serve to show that although, 
■when very dilute, alkalis do not produce much sulphite and nitrite, 
this is not because hydroxylamine and sulphate are produced instead, 
for if such were the case, the hydroxylamine would act upon the 
cupric hydroxide. 

The fact that the alkaline solution contains not hydroxylamine, 
but a sulphonic-derivative of it, which gives sulphite in its reac¬ 
tions with reducible compounds, and that it has only half the 
action of its equivalent of hydroxylamine, are serious, if not fatal, 
objections to resorting to it as a reagent in organic research for the 
purposes suggested by ftascliig. This chemist, notwithstanding that 
he has pointed out (see his memoir, p. 182) that the reason that 
oximidosulphonates do not possess any of the reducing powers of 
hydroxylamine, is that in them the two active hydrogens of hydroxyl- 
amines are replaced by sulphonie radicles, and that oxyamidosul- 
phonates by retaining one of these hydrogens are as easily oxidisable 
as hydroxylamine itself, has yet failed to see that, his contention 
being well-founded, it will be the oxyamidosulphonate, and not 
hydroxylamine, which exerts the reducing power in its alkaline solu¬ 
tion. That it is so, is shown by the fact, determined by us, that in the 
absence of reducible agents, alkalis do not completely decompose oxy- 
amidosulpkonates, and for the rest change them into sulphite and 
hyponitrite, neither of which gives a cuprous precipitate in presence 
of alkalis. 

We have yet to supply particulars of our quantitative work. It 
was unavoidable that the amount of sulphite produced should be 
imperfectly estimated, partly because of the great oxidisability of the 
very dilute alkaline sulphite by air, and partly because the decompo¬ 
sition of the oxyamidosulphonate is never complete. To measure it, 
the mother-liquor of the copper precipitate was run into excess of 
haif-decinormal iodine solution (mixed with acid enough to more 
than neutralise the mother-liquor), and the unconsumed iodine 
titrated with sodium thiosulphate. The water used was always pre¬ 
viously freed from air by boiling. Of the salt, 1*0967 grams treated 
■with copper sulphate and potassium hydroxide gave in this way 
40 per cent, of the sulphur of the salt as sulphite, and that was our 
best result. Theory, as given by us, indicates 50 per cent.; whilst 
on the other view there should he none at all. Other portions of the 
mother-liquor of the copper precipitate were acidified to promote the 
hydrolysis of any of the sulphonate remaining undecomposed, and 
afterwards concentrated by evaporation. One of these then gave a 
distinct reduction with the copper mixture, due to hydroxylamine; 
whilst another measured portion, on titration with iodine in presence 
of hydrogen potassium carbonate, also showed the presence of 
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hydroxy lamine, equivalent, however, to only one-twelfth of the whole 
salt. 

To measure the amount of copper reduced, we added to 0*2913 gram 
of the salt (already slightly hydrolysed by keeping) dissolved in 
water, a slight excess of a sort of Fehling’s solution, much stronger 
than usual and with less alkali in it, heated to boiling, collected the 
cuprous oxide on a filter, washed rapidly, and weighed the reduced 
oxide as black oxide. We thus obtained cupric oxide equal to 48 per 
cent, of the weight of the salt, instead of 47 per cent., calculated 
from our equation. On the other theory, twice as much should have 
been obtained. 

In alkaline solutions, silver and mercuric hydroxides act just like 
cupric hydroxide, qualitatively at least, and yield much sulphite. 

Constitution of Hyponitrites as revealed by the Decomposition of 
Oxyamidosulphonates. 

The decomposition of oxyamidosulphonates into sulphite and hypo- 
nitrite sets at rest any doubt as to the constitution of hyponitrites J 
for coming in this case directly from a substituted hydroxylamine, 
a byponitrite must have its oxygen between the nitrogen and metal. 

B erf helot and Maquenne have recently published papers (Compt. 
rend., 108, 1286, 1305) containing analyses of calcium and strontium 
hyponitrites. These analyses, as they point out, establish the accu¬ 
racy of the empirical formula given by one of us (Divers) to hypo- 
nitrons acid, upon which doubt had been cast by previous work upon 
the silver salt by Berthelot himself and Ogier ( Compt . rend., 96, 
30, 84). To this salt the latter chemists gave the formula AgJSbOs, 
the correctness of which was afterwards contested by us (Trans., 
1884, 45, 78). Berthelot now admits that this salt cannot be 
obtained in a pure state, thus confirming our view as against Zorn, 
van der Plaats and Menke, all of whom claimed to have got it in 
a pure state without difficulty. Zorn’s opinion that the molecule of 
the acid, contains 2 atoms of each of its elements, already generally 
accepted, is now endorsed by Bertbelot and Maquenne. Lastly, 
Maquenne is disposed to deny that nitrous oxide can be the an¬ 
hydride of hyponxtrous acid, even to the same extent that carbon 
monoxide is the anhydride of formic acid, but on grounds which to us 
seem quite insufficient. Even the facts recorded in this paper can 
leave hardly any doubt that it is so. 

The formula of hyponitrous acid may now confidently be written 
as or (NOH)a, that is, the acid is hydroxinridogen, of 

which NOH is the radicle. 
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Appendix. 

We have again determined the sulphite produced both when potas¬ 
sium, oxyamidosulphonate is decomposed by potassium hydroxide alone, 
and also when it is oxidised by the same reagent and cupric oxide. 
In these determinations, the work was done in closed vessels excluding 
the air, so that no appreciable destruction of sulphite could have 
occurred through aerial oxidation. Also, in measuring the sulphite 
formed when the salt is oxidised by cupric oxide, w r e employed, here 
for the first time, the stannous chloride process described in the 
paper. The salt -was treated with the cupric oxide in an atmosphere 
of hydrogen, in a bottle which was afterwards, without opening, filled 
up with stannous chloride and water. Only then and for a moment 
was the bottle opened, in order to remove the cork and gas tubes 
and insert the stopper before heating the mixture for an hour in 
boiling w r ater. We feared that in washing the tin sulphides, the 
copper sulphides mixed with them would give trouble by oxidising 
on the filter, but our fears proved groundless. 

For the other decomposition by alkali alone, we boiled the salt for 
a few hours with potassium hydroxide in a small tube in connection 
with a hydrogen-apparatus, and, when ready, quickly dropped this 
tube with its contents into the bottle of stannous chloride. With 
the precautions we have taken, we have now no longer to admit any 
imperfection known to us to have existed in our preparations for 
analysis, and can give the new results so far with confidence as being 
closely accurate. 

The decomposition of the oxyamidosulphonate by potassium 
hydroxide into byponitrite and sulphite, using 0*2007 gram of 
freshly crystallised salt in fine plates, gave 89 per cent. (89*05) of 
the sulphur as sulphite, confirming our earlier result of 88 per cent. 
The oxidation of the salt by cupric oxide into sulphite, sulphate, and 
nitrous oxide, effected on 0*4298 gram of the above-described prepara¬ 
tion,, gave 44 per cent. (43*93) of the sulphur as sulphite, a result 
confirmatory of our theory, and better than our best previous result 
of 40 per cent. ' 1 

It thus appears clear that the sulphite formed when the oxyamido¬ 
sulphonate is oxidised by cupric oxide is half what is produced when 
the salt is decomposed by alkali alone. That only nine-tenths of the 
reckoned sulphite is obtained in either case is partly if not entirely 
due to two causes. One of them is that, as-already pointed out, in 
each mode of decomposition a little oxyamidosulphonate (or a body 
like it) is always left at the end of the reaction. The other and main 
one is that the tin reaction is incomplete; for, working upon sulphite 
of a known degree of purity, we have got by its means only 91 and 
again 93f per cent, of the sulphite indicated. , 

; VOL. LV. 3 H 
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relation of cobalt to iron as indicated 
by absorption-spectra, Proc., 14. 

s. 

Sindall, R. W., j8-bromonaphthalene- 
sulphonic acid, Proc., 118. 


Skinner, S., and S. Ruhem ami, con¬ 
tributions to our knowledge of citric 
and aconitic acids, 235. 

Smith, J. Denham, obituary notice of, 

294. 

Smith, R. W. See Gr. Or. Hender¬ 
son. 

Smith, W., note on 0-phenylnaph- 
thalene, Proc., 70. 

Storev, J., obituary notice of, 296. 
Sfcreatfeild, E. W. See R. Meldola. 


T. 

Thorpe, T. E., the decomposition of 
carbon disulphide by shock, 220, 

Thorpe, T. E,, and E. J. Bambly, 
on phosphoryl trifluoride, 759. 

---the vapour-density of hydro¬ 
gen fluoride, 168. 

Thorpe, T. E., and J. W. Rodger, 
on thiophosphoryl fluoride, 306. 

Tingle, J. B. See W. If. Perkin, 
jxin. 


Y. 

Veley, V. H. } on a method of investi¬ 
gating the dissolution of metals in 
acids, 361. 


W. 

Wallace, W., obituary notice of, 296. 

Warington, R., the amount of nitric 
acid in . the rain-water at Rothani- 
sted, with notes on the analysis of 
rain-water, 587. 

Werner, A. E*, benzylammonitun suc¬ 
cinates and their derivatives, 627. 

W illiams, J., obituary notice of, 298, 

Wynne, W. P. See H. E. 'Arm¬ 
strong, 


Y, 1 ' 

Young, S., on the vapour-pressures 
and specific volume of similar com¬ 
pounds of elements in relation to the 
position of those elements in the 
periodic table, Part 1, 486. 

-the vapour pressures of quinoline, 

483. 

Young, S. See also W* Ramsay, 
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TRANSACTIONS. 1889. 

And to such papers as appeared in Abstracts of Proceedings (Nos. 
58—73, November, 1888, to November, 1889, inclusive), but not 
in Transactions. 


A. 

Acenaplitliene, action of chromium oxy¬ 
chloride on, 582. 

-—r intermediate products of oxidation 
of, 578. 

-ketone, 580. 

-tribromo- and tetrabromo-, 581. 

Acenaphthylene glycol, 579. 

— -diacetate, 579. 

---monacetate, 578. 

* -*-monobenzoate, 580. 

Acetamide, 107. 

Acetobufcyl alcohol, 352, 

* -— preparation of, 354 

~—- bromide, preparation of, 332. 
Acetol, Feoc,, 156. 

Acetonitrile, trichlor-, hydration of, 
Peqc., 122. 

Acetophenonebenzophcnylhydrazine, 

615. 

Acetopropyl alcohol, 352, 357. 

-bromide, 357. 

Acetovalerianic acid, w-, Proc., 142. 
Acetyl earbinol, Proc., 156. 

— -osazone of, Proc., 156. 

Aoetylbenzophenylhydrazine, 614. 
Acetyleaproie acid, <*»-, 338. 
Acetyldehydrodiaeetyleapronamide, 

'341. 

Acetyldehydrothiotohu&ine, 230. 
Aeetylortho t olyl thiocarbamide, 304. 
Aeetylphenylsemithiocarbazide, 303. 
Acids and metals, interaction of, Proc., 
66 . 

— correspondence between the mag¬ 
netic rotation and the refraction and 
dispersion 1 of light by, 1 751. ■ ■'.. hi:. 

—method of investigating, the disso¬ 
lution of metals in, '361. ■■ 

Aconitic aeid, 235. 1 
Aconitylanil-anilide, 237. 


Aconitylanil carboxylic acid, 238. 

Aconityltoluidoearboxylic acid, 239. 

Aconityltoluidotoluidicle, 239, 

Adaptor for fractional distillation in a 
vacuum, 360. 

Alkyldiazoamido-compounds, synthesis 
of heterogeneous mixed, 610. 

Alloys of lead, tin, zinc, and cadmium, 
677. 

-- of sodium and gold, properties of, 

*670. 

Allylamine, magnetic rotatory power 
of, 697, 732. 

Allylorthotolylthioearbamide, 622. 

Alumina, phosphorescent, sharp line 
spectra of, 281. 

-the phosphorescence of, 280. 

Aluminium, molecular weight of, 531, 
533. * , 

Amine vapours, dissociation of, 656. 

Amines, correspondence between the 
magnetic rotation and the refraction 
and dispersion of light by, 751. 

- magnetic rotatory power of, 691, 

713,728,743. 

Ammonia, estimation of, in rain-water, 
544. 

--magnetic rotatory power of solu¬ 
tions of, 689, 728. 

-magnetic rotatory, power of some 

salts of, 680. 

Ammonias, compound, correspondence 
between the magnetic rotation and 
the refraction and dispersion of light 
by, 754 

'-t-— — magnetic rotatory power of' 
some salts of, 680. 

Ammonium bromide, magnetic rotatory 
power ; of solutions of, 716, 742. , 

,-' chloride,'.magnetic,'rotatory power 

of solutions of, 712, 743. 

-- hydrogen sulphate, magnetic rota- 
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tory power of solutions of, 721, 
745. 

Ammonium iodide, magnetic rotatory 
power of solutions of, 718, 742. 

-nitrate, magnetic rotatory power 

of solutions of, 721, 745. 

-salts, correspondence between the 

magnetic rotation and the refraction 
and dispersion of light by, 751. 

--sulphate, magnetic rotatory power 

of solutions of, 722, 745. 

Amylodextrin, action of diastase on, 
456. 

-constitution and molecular weight 

of, 454. 

-of W. Nageli, and its relation to 

soluble starch, 449. 

-properties of, 452. 

Anhydracetoneplienonebenzil, Proc., 
136. 

Anilidophenylpyrrole, Proc., 140. 
Aniline, diazotised metanitr-, action of, 
on ethylparabromaniline, 428. 

—-action of, on m ethyl¬ 

parabromaniline, 425. 

—-— diazotised parabromo-, action of, 
on ethylmetanitraniline, 428. 

---— action of, on ethylpara- 

nitraniline, 423. 

---action of, on methyl- 

.metanitraniline, 426. 

--— action of, on methyl- 

paranitraniline, 419. 

--- action of, on methyl- 

paratoluidine, 432. 

-diazotised parachlor-, action of, on 

methylparafcoluidine, 436. 

•—— diazotised paranitr-, action of, on 
ethylparabromaniline, 423. 

--action of, on methyl- 

bromaniline, 418. 

Anilines, compound, correspondence be¬ 
tween the magnetic rotation and the 
refraction and dispersion of light by, 
755. 

Anisic aldehyde, melting point of, 551, 

- compounds, melting points of, 

549. 

Annual General Meeting, March 28th, 
1889, 250. 

Anthracene, action of nitric acid on, 
Proc., 13. 

-diamido-, Proc., 13. 

-- nitro- and dxnitro-, Proc., 13. 

Antimony, molecular weight of, 532, 
533. 

Arsenious oxide, compounds of, with 
sulphuric anhydride, 157. 

Atomic weight of chromium, 213. 

-— of tellurium, 382. 

---of zinc, 443. 


Azo- and diazo-derivatives, constitution 
of, 114. 

Azo-/3-naphthol-compounds, alkyl-cleri- 
vatives of, 603. 

--—- benzoyl-derivatives of. 

114. 

Azo-jd-naplitbol-d eriratives containing 
acid radicles, reduction of, 117. 
Azonaphthols, contributions to the che¬ 
mistry of, 603. 


B. 

Balance Sheet of the Chemical Society 
from March 21st, 1888, to March 
18th, 1889, 286. 

-of the Research Fund from 

March 21st, 1888, to March 18th, 
1889,287. 

Barium, molecular weight of, 530, 533. 

-oxyamidosuiphonate, 764. 

Benzene, boiling point of, 487. 

--bromo-, boiling point of, 487. 

-- specific gravity of, 488, 506. 

----specific volume of, 488, 506. 

----vapour-pressure of, 490, 497, 

503, 509. 

-ehloro-, boiling point of, 487. 

——- •-specific gravity of, 488, 505. 

-specific volume of, 488, 505. 

----vapour-pressure of, 490, 495, 

502,509. , 

--expansion of, 519. 

--fluoro-, boiling point of, 487. 

---specific gravity of, 483, 505. 

-—-— specific volume of, 488,505. 

--*-vapour-pressure of, 490, 493, 

502,509. 

*-- iodo-, boiling point of, 487. 

-specific gravity of, 4-88, 506. 

--specific volume of, 488, 506. 

---vapour-pressure of, 490, 498, 

, 503,510. 

—— specific gravity of, 488, 504, 

~— specific volume of, 488, 504. 

--vapour-pressure of, 492, 501, 508. 

Bcnzene-azG-jS-naphthol, reduction of, 

122 , , . 

Benzene-azo-n-naphfchyl acetate, nitra¬ 
tion of, 609. 

—-benzoate, 606. 

--ethylate, nitration of, 608. 

Benzene-azo-/3-naphfchyl acetate, nitra¬ 
tion of, 609. ; 

-reduction of, 117,122; , 

-benzoate, 115. ■ 

-metanitro*, 116. 

--reduction of, 1241 

-ethylate, nitration of, 608, : 
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Benzenediazoamidoparatoluene, para- 
bromo-, methylation of, 433. , 
paraehloro-, methylation of, 437. 
Benzoin dole, 617. 

Benzoindoleearbo xylic acid, 617. 

Benzopl ieiry!acetone hydrazine, 615. 

Benz ophenvlbenzaldehy de hydrazine, 

615. 

Beiizophenylhydrazine, 613. 

-- action of chloroform and alcoholic 

potash on, 618. 

Benzophen ylhy drazine-pvr uvic acid, 

616. 

Benzophenyl-phenylsulphosemicarb- 
azide, 615. 

Beiyzopl ienylsemiearbazide, 614. 
Benzovleaproic acid, <*>-, 350. 

-_--— oxime of, 351. 

B enzoyl diam i clohy droxvnaphthyl- 
phenyl, 125. 

Benzoylphenylethylthiocarbamide, 305. 
Benzoylphanylsemithiocarbazide, 304, 

B en zy lam ido b enz ei i e - azo - a-napli thol, 
596., 

Benzylamidohenzene-azO'/l-naphtholj, 

596. 

Benzyla,inmonram liydrogen succinate, 
628. 

- succinate, normal, 628. 

-- succinates and their derivatives, 

627, 

Ben zylbenzyl i denediam ido diph enyl- 
amine, 594. 

Benzyln)etapheny lenediam me, 597. 
Benzylmeta- and benzylpara-phenylene- 
d famines, oxidation of a mixture of, 
598 .' ( 

Benzylparaphenylenediamine, 591. 

-— azo- and diazo-derivatives of, 596. 
——oxidation of, in the presence of 
otheiMiromatic amines, 592. 

Berberine, 03. 

--action of fused potash on, 88. 

—-— action of hydrogen iodide on, 86, 
—— hydriodide, 66, 

■- ; hydrochloride, 70. 

—~ nitrate, 65., 

— oxidation of, with potassium per¬ 
manganate, 71. 

— plafciiioehlfxride, 66, 

—- properties of, G8. 

Beryllium, additional proof of the 
blvalence of, 650, 

Bismuth, molecular, weight of, 532, 533. 
Bismuthous oxide, cubical form of, 143. 
Bis-phenylmethylmethylenepyrazolone, 
PrOC., 142, ' 1 ; 

Boric acid, compound of, with sulphur 
trioxide, 1551. '! ;,■■■ 

Butter fat, nature of, Proc., 5. 
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Butterflies, yellow pigment in, Prog., 

117. 

Butyrylphenol, 548. 


c. 

Cadmium, effect of, on the freezing 
point of sodium, 673. 

-molecular weight of, 527, 531, 

533. 

-periodates, 151. 

Cadmium-lead alloys, 679. 

Cadmium-tin alloys, 679. 

Calamine, 96. 

Calcium, molecular weight of, 530, 533, 
—- van ad o- pyromorphite, 94. 
Culedonite, 92. 

Carbohydrates, molecular weights of, 
462. 

Carbon bisulphide, decomposition of, hr 
shock, 220. 

Carbon-compounds, unsatmated, corre¬ 
spondence between the magnetic rota¬ 
tion and the refraction and dispersion 
of light by, 755. 

Cellulose, acetylation of, Prog., 133. 
Cerotic acid from flax fibre, Proc., 155. 
Ceryl alcohol from flax fibre, Proc., 
155. 

Chlorine, estimation of, in rain-water, 
545. 

Chloropicrin, magnetic rotatory power 
of, 689. 

Chromium, atomic weight of, 213, 

Citric acid, 235. 

Citryl monochloride, chloro-, action of 
aniline on, 237. 

-- action of heat on, 237. 

--action of orthotoluidine 

on, 239. 

--action of water on, 236. 

t? ---constitution of, 240. 

Cohalt, relation of, to iron, as indicated 
, by absorption-spectra, Prog., 14. 
Colloids, determination of the molecular 
weight of, in solution, Proc., 109. 
Copper, dissolution of, in acids, 361, 

--periodate, 150. 

Cupric iodide, Proc., 2. 

-salts, interaction ' of, with iodides, 

Prop., 2. ■ 

Cyanides, hydration of, Proc., 122- 


B. 

1) ehydrothiotoluidine, 228. 

-constitution of, ■ 232. , 

Dehvdrothiotoluidmesulphoiiic acid, 
, 231. 

■ 3 H 3 \ 
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Dextrins, molecular weights of, 469, 

Diaeetylbenzylparaphenvlenediamine, 

592, 

Diacetylbutane, aw-, Proc., 143. 

Diacefcylcaproie acid, aw-, 334. 

D iace ty 1caprou amide, aw-, 342. 

Diaeetylpentane, aw-, 330, 335. 

-aw-, action of dehydrating agents 

on, Proc., 143. 

-aw-, action of reducing agents on. 

Prog., 145. 

Diaeetylpentanedioxime, a-w-, 337. 

Diamines,para-, oxidation of, Proc., 115. 

Diazoamidobenzene, mefcanitropara- 
bromo-, ethylation of, 429. 

--methylation of, 427. 

-paradibromo-, and its methyl-de¬ 
rivative, 435. 

—— paraxnetadinitro-, and its alkyl- 
derivatives, 415. 

-- paranitroparabroxno-, ethylation of, 

424. 

-——- methylation of, 420. 

Diazoamido-compounds, alkyl, synthesis 
of heterogeneous mixed, 610. 

- __— mixed, isomerism of the 

alkyl-derivatives of, 412. 

Dibarium oxamidosulphonate, 763. 

Dibenzoylbenzylrnetaphenylenediamine, 

598. 

Dibenzoylbenzylparaphenylenediamine, 

592. 

Dibenzoylcinnamene, cq8- } Proc., 136. 

Dibenzoylpentane, aw-, 330. 347, 348. 

Dibenzoylpentanedioxime, 349. 

Dibenzoylstyrolene, afi-, and the con¬ 
stitution of Zinin’s lepiden, Proc 136. 

Dibenzylamidoindamine, 598. 

Dibenzodiamidophcnazine, 599. 

Dibenzylidenediamidodiphenylamine, 

594. 

Dibenzylindamine, 593. 

Didymium -group, absorption-spectra of 
the elements of, 259. 

Dietkylamine hydrochloride, magnetic 
rotatory power of solutions of, 713, 
743. 

-magnetic rotatory power of, 691, 

729; 

Dihydroxydimethylheptamethylene, 
ortho-, Proc., 145. 

Diisobutylamine, magnetic rotatory 
power of, 697, 730. 

Diketones, a-, condensation of, with 
ethyl aeetoacetate, Proc., 1888, 114. 

Dimethyldehydrothiotoluidine, 230. 

Dimethyldiph enylpiazine tetrahydride 
[1:4:2: 3], 104. 

Dimethylheptamethylene, formation of, 
Prog., 145. 

—-— orthodibromo-, Proc., 145. 


Diplienyl-jS-bonzoylpropionic acid, a-,. 
Proc., 138. 

Diphenyl-5-phonylpyrrolidone, 3 
Proc., 140. 

Diphenyl-5-phenylpyrrolone, 3-, Proc. 
140. 

Diphenylpiazino, [2 : 31, 99. 

-dihydride, 98. 

-dinitro-, 101. 

-hexahydride, [j9-2, 3-], 105. 

- -[a-2, 3-], and its derivatives,. 

102 . 

Diphenylteti’ftzine, 244. 

I -bromo-derivatives of, 246. 

-methiodide, 245. 

Dipropylamine, magnetic rotatory power 
of, 693, 730. 

Dispersion and refraction of light and 
magnetic rotation by compounds con¬ 
taining nitrogen, correspondence be- 
, tween, 750. 

Dissociation of amine vapours, 656. 
Dissolution of metals in acids, method of 
investigating, 361, 

Distillation in a vacuum, apparatus for,. 
359. 

Ditolyltetrazine, para-, 247. 

Dolomite, 96. 

Dvi-tellurium, theoretical properties of, 
649. 

Dyes from pyrocresole, 54. 


E. 

Earths, rare, recent spectroscopic re¬ 
searches on, 255. 

Elements, chemical, periodic law of the, 
634. 

Erbium-group, absorption-spectra of 
the elements of, 265. 

Ethane, uitro-, decomposition of, with 
alkalis, Proc,, 1888, 117. 

---magnetic rotatory power of, 

687. , 

Ethyl aeetoacetate, condensations of 
a-dxketones with, Proc., 1888, 114. 

-acetykdipate, Proc., 112. 

-anisate, melting point of, 551. 

-benzophenylhydrazinepyruvate, 

616. 

-cinnamyldietbacetate, 38. 

-aa r diaeetyladipate, Proc., 141. 

-aw-diaeetylcaproate, 333. 

--— action of alcoholic ammonia 

on, 339. 

- aw -dibenzoylcaproate, 347, 

-diimidodiacetyladipate, pROO. y 

141. 

-— diphenylhydrazinediacetyladipate, 
Proo., 141. 
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Ethylmethyldehydrohexonecarboxylate, 
preparation of, 331. 

--a-methyl -acu - diacetylcaproate, 

345. 

—- methyldihydropentenedicarboxyl- 
ate, Peoc., 142. 

Ethyl methyldiliydropentenemethyl- ; 
kefconecarboxvlate, Peoc., 142. 

- nitrate, magnetic rotatore power 

of, 682, 725. 

-- phenantliroxyleneacetoacetate, re¬ 
actions of, Peoc., 1888, 114. 

-- salicylaldehvde, melting point of, 

551. 

Ethylamine hydrochloride, magnetic 
rotatory power of solutions of, 713, 
743. 

-magnetic rotatory power of, 691, 

729. 

Ethylbenzylthiocarbamide, 300. 

Ethylene nitrate, magnetic rotatory j 
power of, 684, 726. 

Efchylenediatnine, action of, on succinic 
acid, 10. 

Ethylenedisuccinamic acid, 12, 

Ethylenedisuceinimide, 11. 

Ethylmetamtraniline, action of diazo- 
tised parabromaniline on, 428. 

Ethylparabromaniline, action of diazo- 
tised metanitraniline on, 428. 

-action of diazotised paranitraniline 

on, 423. 

E thylparanitranilin e, action of diazo¬ 
tised parabromaniline on, 423. 

EthyIphenylseinithiocarbazide, 302. 

Ethylpiperidy 1 thiocar barnide, 624. 


F. 

Faraday lecture, 634. 

Fat, butter-, nature of, Peoc., 5. 

-Savrarri, Proc., 69. 

Ferric chloride, absorption-spectra of, 
Peoc., 14. 

Flask for distilling frothing liquids in a 
vacuum, 859. 

Flax, constituents of, Prog., 155. 

Formylphenylhydrazine, 242, 248. 

Freezing point of sodium, lowering of, 
by the addition of other metals, 6b6-. 

--points of solutions, the law of, 

Peoc., 149. 

*-— - mechanical, physical, 

and chemical, lowering of, Peoc., 150, 
151. 

- - 0 £ sulphuric acid solutions, 

Peoc., 106. 

Furfural, preparation of, from jute libre- 
substanee, 209. 


G. 

Galactose, molecular weight of, 463. 
Gallium, molecular weight of, 531, 

533. 

Glyceric acid, preparation of, Peoc., 
14. 

Glycerides of butter-fat, Pkoc., 5. 
Glycerol, nitro-, magnetic, rotatory 
power of, 685, 726. 

Glycol, nitro-, magnetic rotatory power 
of, 684, 726. 

Gold, effect of, on the freezing point of 
sodium, 668. 

-molecular weight of, 532, 533. 

-sodium alloys, properties of, 670. 


H. 

Heat of dissolution of sulphuric acid, 
Peoc., 88. 

Heat of neutralisation of sulphuric 
acid, 323. 

Hydrazines, action of chloroform and 
alcoholic potash on, 242. 

Hydriodie acid, magnetic rotatory 
power of solutions of, 708, 739. 

Hydrobromie acid, magnetic rotatory 
power of solutions of, 706, 739. 

Hydrochloric acid in solution, corre¬ 
spondence between the magnetic rota¬ 
tion and the refraction and disper¬ 
sion of light by, 758. 

-magnetic rotatory power of 

solutions of, 702, 739. 

Hydrofluoric acid, pure aqueous, pre¬ 
paration of, 166. 

Hydrogen fluoidde, preparation of, 167, 

-vapour-density of, 163. 

- peroxide, formation of, by the 

exposure to light of a mixture of 
water and pure ether with oxygen, 
Peoc., 134. 

Hydroxylaminesulphonafces, conversion 
of, into hyponitrites, 760. 

Hydroxynaphthylphenyl, amido-deriva- 
tives of, 124, 125. 

Hyponitrites, constitution of, as re¬ 
vealed by the decomposition of 
oxyamidos ulphonates, 772, 


1 . 

Inulin, molecular weight of, 463. 

I odides, interaction of, with , cupric 
salts, Peoc., 2. 

Iron periodates, 149. 
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Iron, relation of cobalt to, as indicated 
by absorption-spectra, Frog., 14, 
Isobutyl nitrate, magnetic rotatory 
power of, 688, 725. 

-nitrite and nitrate, correspondence 

between the magnetic rotation and the 
refraction and dispersion of light, by, 

757. 

---magnetic rotatory power of, 

686, 727. 

Isobutylaminc, magnetic rotatory power 
of, 694, 730. 

-—* magnetic rotatory power of solu¬ 
tions of, 695, 730, 735. 
Iso-a/3-dibenzoylcinnamene, Frog., 139. 
Iso-a/S-dibenzoylstyrolene, Prog., 139. 
Isolepiden, Proc., 139. 

Iso thiocyanates, 300. 

Isoxylepideuic acid, Proc., 139. 


J, 

Jute fibre substance, action of chlorine 
on, 203. 

—--constitution of, 199. 

---- nitration of, 201. 

——_—--preparation of furfural 

from, 209. 


L. 

Lanarkifce, 92. 

Lead, effect of, on the freezing point of 
sodium, 675. 

--molecular weight of, 531, 533. 

•-periodates, 149. 

Lead-cadmium alloys, 679. 

Leadhillite, 91. 

Lead-tin alloys, 677. 

Lead-zinc alloys, 678. 

Light, action of, on moist oxygen, Proc., 
-134.' 

—— refraction and dispersion of, and 
magnetic rotation by compounds con¬ 
taining nitrogen, correspondence 
between,' 750. 

Lignificafcion, chemistry of, 199. 

Lilmeeat, presence' of salicylic .acid in 
certain genera of the, Prog., 122, 

Lraarite, 93. 

Lithium, effect of, on the freezing 
point of sodium, 675. 

molecular weight of, 530, 533. 


M. 

Magnesium, molecular weight of, 531, 


Magnetic rotation and the refraction 
and dispersion of light by compounds 
containing nitrogen, correspondence 
between, 750. 

——rotatory power of hydrochloric, 
hvdrobromic, and hydriodic acids, 
680 . 

-of nitrogen-compounds, 

680. 

--of gome salts of am¬ 
monia and the compound ammonias, 
680. 

Maltodextrin, molecular weight of, 
465. 

Manganese, molecular weight of, 532, 
533. 

-peroxide, decomposition of potas¬ 
sium chlorate in the presence of, 
184.' 

Mercuric chlorothiocyanate, 50. 
Mercury, effect of, on the freezing 
point of sodium, 672. 

Metals and acids, interaction of, 361, 
Proc., 66. 

-effect of, on the freezing point of 

sodium, 666. 

-method of investigating the disso¬ 
lution of, in acids, 361, 

-■ molecular weights of, 521. 

Methane, nifcro-, magnetic rotatory- 
power of, 687. 

Methoxynaphthalenesulphonie acids, 
Prog, 73. 

Methyl fluoride, 110. 

-- action of chlorine on, 111. 

-nitrate, magnetic rotatory power 

of, 682, 725. 

-salievlaldehyde, melting points of, 

550. 

Methylacetyltetrahydrobonzene, ortho-, 
Proc., 144, 

Methylbenzylthiocarbamide, 619. 
Mefchyl-aw-diaeetylpentane, 846. 

M ethy Id i by drop© ntened ioarb oxy lie 
acid, Prog., 142. 

Methyldioxindole, 8. 
Mcthyl-8-dipbenyl-5-phonylpyrrolidone, 
1-, Proc., 140. 

Methyl-S-cliplienyl-S-pyrrolone, 1-, 
Prog., 140. 

Methylene chloroluoride, 112, 
Methylethylhexamethylene, formation 
of, Proo., 143. 

Methylethylpentamethylene , [1 s 2], 

, Proc., 143. , , 

Methylhexamethylene methyl carbinol, 
ortho-, Prog., 144. 

Mctkylindole, Pr., In, deritatiy©$ ; of, 1. 

. Methy lraetam traniline, - action 1 p£.di- 
: azotised -payabromaniKhe bn, -426,, 1 
Methylorthotolylthiocarbarriide, -6^1 >;' 11 



INDEX OF SUBJECTS, 


785 


Methyloxindole, 7. 

—— bromo-, 7. 

--dibromo-, 3. 

—— dichloro-, 4. 

Methylparabromaniline, action of di- 
azotised metanitraniline on, 425. 

*-action of diazotised paranitrani- 

line on, 418. 

-action of diazotised paratoluidine 

on, 433. 

Methylparachloraniline, action of di¬ 
azotised paratoluidine on, 4*36. 
Methylparanitraniline, action of di¬ 
azotised parabromaniline on, 419. 
Methylparatoluidine, action of di¬ 
azotised parabromaniline on, 432. 

—*— action of diazotised paraehlor- 
aniline on, 436. 

Methylparatolylthioearbamide, 620. 
Methylpentamethylene methyl carbinol 
Proc., 143. 

Methylpsendoisatin, 5. 
Metbylpseudoisatinoxime, 6. 
Methylpseudoisatinphenylhydrazone, 5. 
Metbyltetrabydrobenzene methyl car¬ 
binol, ortbo-, Peoc., 144. 

*—-—- ketone, ortho-, Peoc,, 144. 

Minerals from Leadhills, ,91. 

Molecular weight, determination of the, 
of substances in solution, especially 
colloids, Proc., 109. 

——-of amylodextrin, 455. 

— weights of the carbohydrates, 462. 
—— — of the metals, 521. 

Myoporum platycarpiim, resin of, 665. 


N. 

Naphthalene, a-, and /3-eyano-, beha¬ 
viour of, with sulphonating agents, 
Peoc., 122 . 

*-j 7 -diehlQ.ro-, constitution of, Peoc., 

49. 

-- heteronncleal, cr/3- and /3/3-di, 

derivatives of, constitution of, Proc,- 
34,48. 

-/3-iodo-, sulphonation of, Peoo., 

75. 

-nitro-jS-cMoro-, Peoc., 71. 

Naphthalene-derivatives, formation of 
sulphones on sulphonating, Peoc., 
- 121 . 

Naphthalenes, 1 : 3-homo- and the 
isomeric hetero- a #-d ichloro-, Peoc. , 5. 

Naphthalene-jB-suIphonic acid, nitration 
of, Peoc., 17. 

‘-,-- sulphonation of, Peog., 10 . ' 

Naphtlmlenesulphonic acids, $-bromo~, 
' Peoc., 118. 


Naphtbalenesulplionie acids, a-chloro- 
, /3-amido-, isomeric, Peoc., 36, 48. 

-j3", iodo-, Peoc., 119. 

Naphthol, action of halogens on, 

; Peoc., 71. 

-a-amido-, identification of, 120. 

-bromo-derivatives of, Proc., 71. 

-chloro-, Peoc., 72. 

-chlorobromo-, Peoc., 72. 

Naphtliol-a-sulphonic acid, constitu¬ 
tion of, Peoc., 8 . 

Naphtholsulphonic acid, bromo- and 
chloro-derivatives of, Peoc., 72. 
Napbtbylamine, B-. isomeric sulphonic 
acids of, 33. 

- 0 -, products of the sulphonation 

^ of, at 100—105°, 35. 

N aphtliylaminesul phonic aeicl, Brenner’s 
/S-, acids formed by displacing NIL 
in, by halogens, Peoc., 74. 

• Napbthylaminesnlphonie acids, (S-, from 
d-naphtholsulphonic acids, 37. 

-properties of the four, 36. 

Nickel periodate, 151. 

Nitrates, ethereal, correspondence 
between the magnetic rotation and 
the refraction and dispersion of light 
by, 755. 

---magnetic rotatory power of, 

682, 724. 

Nitric acid, amount of, In rain-water at 
Boihamsted, 537. 

-estimation of, in rain-water, 

544. 

-magnetic rotatory power of, 

680,724. 

Nitrites, ethereal, magnetic rotatory 
power of, 686, 727, 

Nitro-eompounds, connection between 
the magnetic rotation and the refrac¬ 
tion and dispersion of light by, 75if 
Nitrogen, correspondence between re¬ 
fraction and dispersion of light and 
magnetic rotation in compounds con¬ 
taining, Teaks., 750. 

Nitrogen-compounds, magnetic rotatory 
power of, 680. 


o. 

Occlusion of oxygen in pure silver, 400. 

Orfchonitric acid, magnetic rotatory 
power of, 681, 724. 

Oxyamidosulphonates and their conver¬ 
sion into hyponitrites, 780. 

-decomposition, of, by' alkaline 

bases, 765. 

■-oxidation ' of, by, basic reagents, 

770. • ■ 
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Oxyamidosulphonic acid, 761. 

-hydrolysis of, 764. 

Oxygen, dissolved in water, estimation 
of, 552. 

--moist, action of light on, Proc., 

3.84. 

-- occlusion of, in pure silver, 400. 

Oxylepidenic acid, Proc., 139. 
Oxylepidens, Proc., 137. 


P. 

Pentamethylenediamine, magnetic rota¬ 
tory power of, 698, 732. 

Periodates, 148. 

— — constitution of, 152. 

Periodic law, experimental researches 
on, 382. 

—— *- of the chemical elements, 

634. 

Phenanthrapiazine, 98. 

-dihydride, 98. 

Phenanfchraquinone, action of acetamide 
on, 107. 

Phenol, action of the chlorides of pro- 
pionyl and butyryl on, 546. 

-ehlorobromoparanitro-, metallic 

derivatives of, 57, 58. 

-- clibromorthonitro-, calcium - de¬ 
rivative of, 61. 

-dichlororthonitro-. action of chlor¬ 
ine on, 586. 

-calcium-derivative of, 61. 

—— o rthoch loroparab romo-, nitration 
of, 587. 

—— ortl iocIi loroparabromorthon itro-, 
action of bromine on, 585. 

; -action of nitric acid on, 584. 

— orthoehloroparanitro', bromi nation 
of, 56. 

~ orb honifcro-, action of chlorine on, 
586. 

-parabromorthiodorthonitro-, eal- 

oium-derivative of, 61. 

— parabromorthochlororthonitro-, 
nitration of, 590, 

--parabromorthonitro-, action of 

chlorine on, 586. 

—— parachlororthobromorthonitro-, 
action of* nitric acid on, 584. 

yr-calcium-derivative of, 60. 

----nitration of, 589* 

——■ parachlororthonitro-, action of 

bromine on, 588. 

Phenols, halogen-nitro-, some metallic 
derivatives of, 56, 

Phenol-series, isomeric change in, 583. 
Phenyl butyrate, 547. 
propionate, 546. 


Phenylbenzy lthio carbarn ide, 300. 

Ph enyle n ediam ines, benzvl-deri vatives 
of, 590, 

Phenylindoles, formation of, by iso¬ 
meric change, Proc., 90. 
Phenylnaphthalone, j8-, Proc., 70. 
Phenylfchioearbimitie, action of thialdino 

on, 627. 

Phosphorescence of alumina, 280. 
Phosphoryl trifluoride, preparation of, 
759. 

Piazme-derivatives, 97. 

Pigment, yellow, in butterflies, Proc., 
117. 

Pinene, action of chromium oxychloride 
on. 45. 

Piperidine, hydrochloride, magnetic ro¬ 
tatory power of solutions of, 716, 743. 

-magnetic rotatory power of, 699, 

733. 

-magnetic rotatory power of an 

aqueous solution of, 700. 
Pipendylbenzoylthiocarbamide, 623. 

PI umbo-aragonite, 95, 

Plumbo-calcitc, 95. 

Potassium, boiling point of, 326. 

-chlorate, decomposition of, by heat 

in the presence of manganese per¬ 
oxide, 184. 

--effect of, on the freezing point of 

sodium, 674. 

-hydrogen fluoride, preparation of, 

166. 

-lowering of the freezing point of, 

by the addition of other metals, 676. 

-molecular weight of, 530, 533. 

-oxyamidosidphomite, 762. 

-periodate, 151. 

Primulino base, 233. 

-constitution of, 234. 

-constitution of, 227, 

Propane, nitre-, magnetic rotatory power 
of, 688, 728. 

Propionitrilo, magnetic rotatory power 
of, 701. 

Propionylphenol, 547. 

Propyl alcohol and water, vapour-pres¬ 
sures of a mixture of, Proc., 1888, 
101 . 

•- nitrate, magnetic rotatory power 

of, 683, 725, 

Propylamine, magnetic rotatory power 
of, 692, 730. 

Pyridine, magnetic rotatory power of, 
700, 734. , 

Pyrocresole, a-, oxide, azo-derivatives of, 
54. 

-— diamido-, 54. ', 

--dinitro-, 52. '' . 

—— some derivatives and new colouring 
matters obtained'from, 5,1.' * 
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Pvroeresole, tetramido-, 53. 
—— triehlor-, 5 2. 
Pyromorphite, 03. 


Q- 

Quinoline, vapour-pressures of, 483. 


R. 

Rain-water, analysis of, 543. 

-at Rothamsted, amount of 

nitric acid in, 537. 

Refraction and dispersion of light and 
■magnetic refraction by compounds 
containing nitrogen, correspondence 
between, 750. 

Resin, hydrocarbon obtained by the 
action of sulphur on, Proc., 102. 

-of Myoporum platyearpum^ 6Q 5. 

-products of the action of sulphur 

on, Proc., 102. 


S. 

Saffranine, benzylated, 595. 

Salicylic acid, presence of, in certain 
genera of the Liliacem , Proc., 1 22. 

—— compounds, melting points of, 549. 
Savvarri fat, Proc., 69. 
Silicon-compounds and their deriva¬ 
tives, 474. 

Silicotetra-a-naphthylamide, 482. 
SilieQtetra-/3-naphthylaimde, 481. 
Silicotetraorfchotolylainide, 480. 
Silicotetmparatolvlamide, 478. 
Silicotctraphenylamide, 475. 

Silver, effect of, on the freezing point 
of sodium, 674. 

--molecular weight of, 532, 533. 

- of M. Stas, occlusion of oxygen 

in, 400. 

-periodates, 152, 

-—— pure, properties of, 399. 

Sodium, boiling point of, 326. 

--gold alloys, properties,of, 670. 

-- lowering of the freezing point of,, 

by the addition of other metals, 666. 
—— molecular weight of, 527, '530,53 3. 

-oxyamidosulphonate, 762. 

Solutions, densities, heat capacities, and 
electrical conductivities of, Proc., 86 . 
- mechanical, physical, and chemi¬ 
cal, lowering of the freezing points 
of, Proc., 150,151. 

—— nature of, Proc., 86, 106, 

-—* study of the freezing temperatures 
of, Proc,, 106. 


Solutions, the law of the freezing points 
of, Proc., 149. 

Soxhlet extractor, improved, 359. 
Specific gravities and volumes of ben¬ 
zene and its halogen-derivatives, 488. 

- volumes of similar compounds of 

elements, 486. 

Spectra, absorption, of cobalt-com¬ 
pounds, Proc., 14. 

-of ferric chloride, Proc., 14. 

-of iron and cobalt, relation 

between, Proc., 14. 

-of the elements of the dicly- 

mium-group, 259. 

-of the elements of the erbium- 

group, 265. 

-incandescence, 267. 

-of the yttrium-group of elements, 

269. 

-phosphorescence, 267. 

-action of different earths on, 

■275. 

-interference of, 276. 

-reversion, 279. 

Spectra, sharp line, of phosphorescent 
alumina, 281. 

Spectroscope, recent researches on the 
rare earths as interpreted by, 255. 
Spectrum of tliiopliosphoryl Jiuoride, 
322. 

Starch, soluble, action of diastase on, 456. 

-- --molecular weight of, 465. 

-properties of, 450. 

- - relation of W. Na&lli’s 

amylodextrin to, 449. * 

Strontianite, 95. 

S uceinbenzylamie acid, 630. 
Succinbenzylimide, 629. 

Succmdibenzylamide, 631. 

Succinic acid, action of ethylenediamine 
on, 10. 

Snccmomonobenzylamide, 632. 
Sulphones, formation of, on sulphonu- 
ting naphthalene-derivatives, Proc., 

m. 

Sulphuric acid, causes affecting the 
lowering of the freezing points of 
solutions of, Proc., 150. 

-estimation of, in rain-water, 

545. 

-- heat of dissolution of, Proc., 

88 . 

-heat of neutralisation of, 323. 

---hydrates of, Proc., 88, 106, 

128, 151. 

- - tetrahydrate of,., existing in 

solution, isolation of a, Proc., 128. 

- „—— 'volumetric ■ estimation of, 

Proc., 5. 

- anhydride, compounds of ar¬ 
senic us oxides with, 157. 
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Sulphuric trioxide, com pound of boric 
acid with, 155. 


T. 

Tetraquinone, Proo., 1888, 116. 

-dibromo-, Prog., 1888, 117. 

-dinifcro-, Prog., 1888,117. 

Tellurium, atomic weight of, 382. 

-compound nature of, 407, 411. 

- tetrabromide, preparation of, 

396. 

Tetrabenzylmetaphenylenediamine, 602. 
Tetrabenzjlparaphenyhnediamme, 600. 
Tetrahydrophenylmethyl methyl carbi- 
nol, ortho-, Proo., 144. 
Tetraphenylcrotolaetone, Proo., 137. 
Tetrethylammonium chloride, magne¬ 
tic rotatory power of solutions of, 
715,743. 

Tetrethylphosphonimn dibromiodide, 
128. 

—- diehloriodide, 130. 

--heptabro midc, 131. 

-salts, action of bromine and chlo¬ 
rine on, 126. 

-preparation of, 135. 

Tetrethylphosphonimn sulphate, com¬ 
pounds of, with chlorine and bromine, 
132, 133. 

-tetrachloride, 130. 

-tribromide, 131. 

-trichloride, 132. 

Thallium, effect of, on the freezing 
point of sodium, 671. 

--- molecular weight of, 531, 533. 

Thermochemistry, principles of, 14 
Thialdine, action of orthotolylthiocarb- 
iniicla and of phenyithiocarbimide on, 
626, 627. 

Tldocarbimides, 618. 

Thionyl thiocyanate, 48. 

Thiophosphoryl fluoride, 806. 

---action of air and of oxygen 

on,312,313. 

--—— action of alkalis on 318. 

—--—- action of ammonia on, 818. 

-~ -—■— action of water on, 317. 

-. -—- liquefaction of, 822. 

— -—— properties of, 311. 

-—— spectrum of, 822. 

----vapour-density of, 308. 

Tin, lowering of the freezing point of, 
by the addition of other metals, 667. 

-- molecular weight of, 531, 533. 

Tin-cadmium alloys, 679. 

Tin-lead alloys, 677. 

Tin-zinc alloys, 679. 

Toluidine, diazotised para-, action of, on 
methylparabromamline. 433. 


Toluidine, diazotised para-, action of, on 
met hy lparachl oranilin e, 436. 

- - para-, action of sulphur on, 228. 

Tolylbenzoylthiocarbamide, ortho-, 622. 

Tolylhydrazine, para-, action of chloro¬ 
form and alcoholic potash on, 247. 

Tolylthiocarbimide, ortho-, action of, on 
thialdine, 626. 

Triacct y idiam idohydroxynap htli y 1- 
phenyl, 124. 

Tribenzylphosphine oxide, action of 
chloriue on, 227. 

---action of nitric acid on, 225. 

- - action of sulphuric acid on, 

226. 

-some compounds of, 223, 

-trinifcro-, 225. 

Tricthylamine hydrochloride, magnetic 
rotatory power of solutions of, 714; 
743. 

-magnetic rotatory power of, 692, 

729. 

Triethylsulphine salts, preparation of, 
135. 

Trimethylene cyanide, magnetic rotatory 
power of, 702. 

Tripheuylbutyrolacfcone, Frog., 138. 

Triphenylerotolaetone, Frog., 137. 

Triphenylpyrazole, Frog., 141. 

Tripropylamine, magnetic rotatory 
power of, 694, 730. 

-ignited, action of ammonia* 

on, 42. 

Tungsten-compounds, action of ammo¬ 
nia on, 41. 

—— hexaehloride, action of ammonia 
on, 44. 

-oxychloride, action of ammonia 

on, 48, 

Tungstic anhydride, action of ammonium 
chloride on, 42. 

--— ignited, action of ammonia 

on, 42. 


V. 

Vanadinite, 94. 

Vapour-density, method of determining, 
applicable at all temperatures and 
pressures, Frog., 1888,110. 

-.— 0 f hydrogen fluoride, 163. 

Vapour-pressures of a mixture of propyl 
alcohol and water,' Frog., 1888,, 101. ■ 

-of quinoline, 483. 

- -~ of similar compounds of 

elements, 486. 

Volumes, specific, of benzene and its 
haloid-derivatives, 488., 1 ■ ; : , , 

- — of similar compounds off 

elements, 486. h 1 1 ' \ 
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W. 

Water, estimation of dissolved oxygen 
in, 552. 

-expansion of, Prog., 89. 

-- oxidation of, to hydrogen per¬ 
oxide under the influence of light, 
Pboc., 134. 

--rain-, analysis of, 543. 

—»_-estimation of ammonia in, 

544 

'-at Bothamsted, amount of 

nitric acid in, 537. 

X. 

Xenylenepyrazine, 98; 


Yttrium-group, spectra of, 269. 

2 . 

Zinc, atomic weight of, 443 . 

-effect of, on the freezing point of 

sodium, 674. 

•-- mineral, from a blast furnace, 

Prog , 67. 

-molecular weight of, 531, 533. 

Zinc-lead alloys, 678. 

Zine-tin alloys, 679. 


ERRATA. 
Vol. LV. 


Page. Line. 

18 20 from top, for “ enumerate,” read “ enunciate.” 

17 last line, after “ zinc,” insert “ in certain proportions.” 

18 2 from top, omit “brass.” 

18 3 „ * for “brass,” read “such a compound.” 

23 7&8 „ for “In fact, the water at this temperafcu re continually 

giving off fundamental molecules ^bat j s baa" a 
vapour-tension )read “In the fact that water at 
this temperature is continually giving 0 jj fundamental 
2 noleeules (that is, has a vapour-tension) we have a 
proof that.” * 

430 12 & 13 from top for “ (w)NO.yC 6 H 4 *X < >*C 10 H 6 ‘OH(/3). 52 *74 ” 

(jj)Br*C 6 H 4 »lf 3 *C 10 H a *OH(Q)* 47*26” 


761 5 


n 


read, “ (^N0 2 -C fi H 4 -ISr 2 -C w H B -0H:((S).. 

( j p)Br-C 6 H 4 -N«-C 10 H fi -OH(^). 

for “35, 455,” read “35, 455 and 39, 422.” 


47-26” 
52 -74 
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